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NOTICE 

This report was prepared by Krami^r Associates, inc. as an account of work 
sponsored by the United States Govergment. Neither the United States nor 
th^ United Stat«s Department of Energy, nt^r any of .their employees, nor 
any of their contractors, subcontractors, or t|ieir employees, makes any 
warranty, expresj^oi^implied, or assumes any legal liability or responsibility 
for the accuracy, completeness, or usefulness of any information, apparatus, 
product or. process disclosed, or represenjts that its use would not infringe 
privately owned rights. • ■ ' , . 
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- PREFAQB 



When 'the oil embargo was' imposecl^on this* country in 1973, the American 

public became aware, of what many analysts had long known: an inexhaustible, 

cheap and ever dependable ^pnergy supply. could not be taken for granted./' New 

, sources of energy had to b^ found and developed. Old sources had to be looked^ ' 

at^ith fresh ideas on how they could better meet our needs. And all sources 

had to be stretched by more efficienlP'ways of production, transmission ar\d use 

that would lower the rising rates of energy consumption that had characterized 

American life for many years. ' ■^ ^ 4 

Much of what has to be done depends bi\^^the success of sciencn and tecl^- 

nology in finding alternative supplies of energy and ne?w ways of usin[; all 'forms 

of energy .more effectively. The Congress h^s increased' the financial support 

of research, development and demonstration efforts, and RD&D programs are 

being developed along many lines aimed at impr'oving the energy situation,* 

ixiA this means that many- highly trained scientistHe , -engineers and technicians 

have had,! to be recruited^, ^ 

The critical role of highly-traine'd workers was recognized in the organic ^ 

law that created the Energy Research and Developirient Administration, aiid that 
^ . ■ \ - ... 

npw-has become part of the responsibility and authority of the new Department " 

of Energy, That law specified the responsibility of 

,,, helping to assure an ade^quate supply of manpower for • • 
the accomplishment' of energy research and development 
^^^^programs, by sponsoring and assisting in educatsi^n and 
^ * training activit.i-es dn institutions of highey edubation, 
'vocational schools and other institutions, and by assuring 
the collection, analysis, and dissemination of netf^ssary 
♦ . manpoweg^supply and demand data , (f,L, 93-438, Title I, 

. Subsectio^ 103 '(10); emphasis supplied,) . - 

To aid in discharging this responsibility for data collection, analysis 
and dissemination, Kramer Associates, Incorporated (KAI>^ submitted a proposal 
to study the design of a manpower information system'to the Manpower Assess-- 
ment Office in the Office of University Relations of the Energy Research and 
Developmcn^^gency • ERDA subsequently coiipiss^^pjetMSlSst^ design a national 
information system on highly-skilled-wanyower Engaged in energy-related re- 
search, development,, and demonstration programs. 



Work began on this study in the S^pring of 1977 . On October 1, KlDA's 

f 

function^ were transferred to the new Department of Energy, which has broader 

responsibilities'. The need for information on RD&D manpower is crflcial . / 

enough to warrant implementation of the information system described in this 

report at the earliest p^srible time, while at the same time 'the potential 

can^be conside^-ed, f or^^adapting this system to the broader needs for information 

on all of the manpower required to complete the mission of thfe Department. 

Kramer Associates, luc . is glad to acknowledge the cooperation of many ' 

members of the Department of Energy staff, including Norman Seltzer, Chief of 

the^Manpower Assessment Office, June S, Chewning of .the staf^ of the Office, 

Arthur Sal tzmaii. Consultant , and the many officials V7e interviewed, who are/ 

listed^ iri'Appendix D, together with representatives of other organizations, 

f6r whose cordial^ cooperation in providing information we are grateful. 

The Kramer Associates st^ff who worked on the project are Robert W. Cain, 

/ • . 

Thomas J, Mills,' Herman Travis, and Harold Goldstein, Principal Investigator. M 
Dr. John Enoch , Johnson serv&d as a consultant,, oa scientific matters .and con- 
ducted interviews with officials of the DOE and of researcfh laboratories. 

* . . ' , ■ _ ^ I r- - '- 

Mary Ann Power-Boyd was Research Assistant. . , ' ■ ?f \ " ^ 



Leo" Kramer ^ ^ 
Presideilt 

Kramer Associates, Inc. .\ , 
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SUMMARY OF RECOMMENDATIONS 



fl. * GENERAL RIvCOMMENDATidNS 

• ^ ^ . I 

. r . .The availability of scientific, ^echriical and skilled manpower for 

' - [ * f 

Department /of Energy ' research', deveiopmentt and^ d»emonstrjation programs can- 

not be^ t'akeji for granted^ DOE should mak^ a positive effort to. assure 

this availability and should^develop the capacity to monitor the pr.e'sent 



manpower^ sJitiaation and anticipate future problems.' 

2. The/ present study is confined to/enfrgy RI)&D manpbwer, only a patt of 
the t)0E/ s broader manpower/- inCerestsf. wiiile^ a program,' to implement the 
manpQWfiir inf-ormaticntir' system/ for RD&D\shoyld be initiat/ed now, a study 
Ibokif/g 'toward broadening the scope of tlhe system described here 'to in- 
cli|d4 air manp(^r needed for DOE's programs' should be undertaken. 

jy / « compre^nsive manpower itiformatioh system for/ energy research and 

development s^^^^ take/ advantage of existing data ^ources where po-s^ibl"?. 

the; course of tliis study more ti;ian orie hundred d'ata source^were reviewed, 

/'4hd 66;were selected as relevapit to.DOEfs needs. New data sources should be 

developed only, if e:jcis/tin^ sources cannpt meet the;' needs. DOE will have to 

take ah active role to assure that its special reciuirements are met by the • " 

■ .y (_ , ■/ ' , , / ^ •• 

a^enc:j^s res^ponsible for the various-surveys and ;bodies of data including 

xts own operations units. This may . require 'more \precise^definitions or 

more complete classifications of data related to 

» in areas relevant to errergy, special tabulations, 

some of which DOE must be prepared to support financially., A number of '< ^ 

specific recommen^tions to this end are/made ijn this :&eport. ^ 




improved ' samples • . 
other adjustments. 



4. ' Achieving* the/ objecj^ve^^ of a comprehensive energy manpower information 



system requires more than Just the" development and. integration^ of relevant 
data sources. It /requij&as a focAl pointySf dedicated interest , guidance and' 
capability. DO^should t^^ref ore^^stablish a staff whose principal and coh-^ / 
tinuing function jis to, develop and utilize the cojjiprehensive manpower infor- " 
mation system. T^ese responsibilities should include: keeping^^n tbuch with' 



Si, 



f 



^ all f)OE Jneebs for manpower informa.^ion^f or operational and pol*icy-for^. 

^ mulation piirppses;; analyzing manpower data and rep^rt^ing 'the results to , 
^appropriaVfe of/icials of; the agi&ncy; interpreting DOE data needs to other 
agencies that collect data and actively wpr^ng jio ga^n their 'c'boperat ion ' *' 
in meeting these needs; .developii»ig an:d maintaining, the comprehensive manpower 

^ information system; designing systems ''to ^tap DOE's internal reporting systems . 
to yield data relevant to manpower and securing the cooperation of the op~ 

^ . ejg'ational staff to achieve tnis; and through their own research or Vy research 

^ ' ' , ' • ' ^ ■ fif * • ■ ' 

, contracta^r grants, advancing the art of manpower analysis as it applies to 

• ,^ 

DOE'^ problems. This is full-tifne job for several persons. ^ 

5. A ceutral file of all publications relevant to. energy manpower supply 
.and demand and an index of relevantMata sources^ should ,be Established and 
maintained in the DOE organizational component primarily'' concerned with energy 

DOE, 'could be adapted to this purpose, in. consultation witl^ the fca-npower analysis 
staff. The library of data soytces^ collected by Kramer^ Associates , Inc. in the 
'course of this project will be turned over tq the DOE as the nucleus of this 
.file» . ' > . . . - . / ' " " \> • . " 

6. Although the-benefits of computerizaNtion have sometimes* been oversold, /we ''^ 
believe there are advantages in using^ computer! for organized storage^ and re- 
trieval Vf selected energy manpower:<^data even/ iij advance of ea^bj^ishirt^ th'^ 
kind of st)atistical' convertibility and comparability that wo^ld permit ana- : 
lytical manipulation among the varioVis*'data sources now in "being. 'This issue 
involves q;jestions of feasibility and costs versus benefits that go Ibeyond 
the scope of^ this project. We recommend a rev,iew of these issues, I'Dpking 
toward a ^t^ater more complete computerization, by a panel of di^s interested^ 
manpower s"pecialists^ with competence in computer ^stems'. ' ' *' - 



manpower. The Federal -^ergy Informatiort Locator^System (FEILS) , now in the 



7. Although the DOEV is the cent;ral and responsible authority on 4ssue6 re- 

/ • ^ # ^ ■ 

la ting to energy and energy manpower, other government agencies hav^ an ' *./ 

" " • • . ^ * - . ■ ' '1 

interest* in these issues and are the s^ources of qurrept data ^ R&D, ed4ication,« , 

.^mploym^t-, '^etc. and the potential vehicles for collecting new darta useful to 
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DOE. Their\cooperation,'Ts\;\^ at) ef fective impleTnentation of 'a ' 

comprehejlsive energy manpower ififormation system. We recpmitiend^ that .an\' 
interagency committee on* energy manpower" information bfegiven high pribr- 
^ity under the sponsorship of the. DOE Assistant SecretaryJhavingr^ 
•bility for^^mergy manpower info.rmation, to develop the • cooperative' inter- 
agency arrangements necessary.. The authority 0^- the Of f ice of Man^gemetit 
and Budget should be enljsted to gain support far this activity artd to, 
recognize the unique responsibility, o£-©^E^|n^th is ar.ea^ 



II. 



. SPECIFIC RECpMMENDATIONS 



Lis^ted below are the picincipial sp^ecxfic redptnmendatio this ' 

report. ' Additional^ minor recommendations are.' ti^^ in the report itself. 
^The principal recommendations are grouped under /the headings 'of "PRINCIPAL 
DATA SYSTEMS" and': "OTHER IMPROVEMENTS .'^^ ''^^^^^^^^ / - 



_ A ^genetal - comment should ^w"^ made about these recommeivdJ^ions;: t| 
Department pf /Energy's data needs were the p\incipal consideration in malW 
ing these re/ommerfd^tlons or- 'oWating ^constraints of*^ the 

collecting aj^^ncies. An attempt wa3 made rjr^void obviously\^nipdssible or' 
unifeasonable recomraendationsv but :the proposals were not discussed with ' 



^ the .cpllecting^agencies (since th^^ authors of this report T^/ere -not empowered . 
to negotiate for DOeV, and 'the.DOE's information needs were ei^^^ 
fit pi any" doubts. When the ^DOS asks col4^cting agencies to make these ^ 4 
changes it may be^found in s^onfe cases tha:e they are' difficult to carry out - 
.or cannot be done wi^th^out incurring large, additional costs DOE will be in \ 
-the best position then to-dedide which ^ecommendations'^haye it^^^ h 
priorities., E^cause^scf much of the manpower ftftfarmation s^stem^ will 



use 



itvte^rnal rporting system^ within DOE ^r d^end on modify in|/ongoijig collec- 

hle co5 



tion ^fyfo/ts of other agencies, it is not ^t^ssible to estimate thl^ costs of 



the ^ recommendations 



8* AJBa ^e Line 'Measure of^^Energy RD&D- Manpower 



lanpower i^nfoitiation now available fdr energy programs is piecemeal 



and contradictory, Ijt w^s developed in response to specific operations 
problems or was adapted from data systeths established, for other purppses 
It is not possible to secure ^rom it /a comprehensive total of. the man- . 
power .supp,ly en^ageii, in energy actiViTties. Most- of 'bir recommendation 9 
deal with piecemeal , improvement .of\Jt^p exis't(ing series t^o tnake them more 
useful for energy Tnanpowe]r^ purposes. To give a more comf)lete picture, 
it is recommended that a baSse line measure be'-estab'lished which w.ill. pro- ' 
vide a comprehensive measure, of scientxric- and technical personnel. (STP) 
engaged in^nergy 5P^^' field 6f ei>er.gy' and/selected occupations, 
Such a measure would jencompass STP. engagfed irf both private, and publicly 
funded Rt)&D'. The^em^loymeitt series- covering the' various sec^rs should ;i »v 
-be. related/'to itl^^^^t can from the forthcoming 1980 ' 

Census -of PoJJulat'd'e^n as a'part -of /a^ pos't-censal survey program simi'^r to' 
that conducted in i97z'^'ol lowing the 1970 Census,. Mechanics- include iden- 
tificatix3n of those .employed in energy RD&^D through the proposed up-date 
r of the National Sample of Scientists and Engineer^ sponsored by NSF, and 
- a follow-up. ^survey to secure additional. characteristics data important 

- --■ > • , , ' ' • ■ ' ■ ' ' ' ' . • <»' 

for energy, manpower purposes, ,\CSee page IV-150 

^ . . ■ ■ ■ . \- 

v9^. Development of a 'Directory of Establishments Ponducting Energy RD&D 

^ _ ■ ■ ■"- - ■. \ ' . . . . v ' ■ ■ , 

Energy RD&D activities are carried on in^dikverse 'indi^tries by u|any 
•Qompanies^ While many industries ^Fe -unique with r'espect^ to their product^ 
and services, there ar^j;i:Jinany ihc^ustrial environments outside the. so-called >^ 
energy-intensive * industries ih which energy RD&D activities are . perf ormed'* . 
In ordi^r that the man^wer information system. may focus on tlfe establish- 
ments in vwhicti, energy RD&D* .is ^^iduct'ed, it is recommended that a Directory 
» of sufch establishments be assembled. This Directory would be compiled fro 
' Federally- funded energy contractors , industrial d irectories., trade associa 
tions survey respondents such as, those respdnd:|j,ng to the Oak Ridge National 
X^boratory inventory, etc. would serve both to measure the general- ex- 

tent of national involvement in .the energy pr^ograms and their incidence in 

the various economic ^qc Co and'also to provide a universe ftom which 

' ' ^- . " - 



survey respondents can be selected for^ periodic and special manpower re- 
porting, -(See page IV-17.) 

^ * ■ ■ .. 
10. A System of Periodic Rep'o^rting on Energy RD&D ^ 

. ^ The DOE now has a multiplicity of reports submitted by its divisions 
and contractors in response to specialized operations requirements. Many 
of them contain some manpower information. However, these collections do 
not add to a comprehensive portrayal of manpower engaged in DOE funded 
prqg/ams. We recommend that DOE establish a more comprehensive reporting 
system which will permit annual estimates of scientific and technical per- 
sonnel engaged , and expenditures involved, in ''energy RD&D. 

This reporting system would consist of 'four segments -ffased upon 
source of funding and^organizat ion : 1 DOE -departmental and laboratory 
programs staffed by Federal Government personnel, and' Gove rnmen t-0\vrned , 
Contractor-Operated facilities (GOCO's); -2. Other DOE-funded programs 
of contractors an^ grantees; . 3. Other Federally-funded energy RD&D pro- ' 
Rrafns; 4. Energy RD&D programs that are no^ Federally funded.' ' . • 

•Tt is further recommended that DOE'^dministrative reporting, such as 
that established for the GOCO's. or in the Uniform Contractor Reporting 
Guidelines, to the extent feasible, be the vehicle for achievement of the 
more comprehensive system.' It is recognized that this may not always be 
practicable, as in the case of 'the, non-DOT funded RD&D. In sucl^ cases 
DOE might arrange' ftir direct, contractor, or other Government agency col- 
lection.^ It is reason-able that DOE should need more detailed and complete 
information on its o'wn and its contractor programs tham on the other energy 
RD&D programs. 

4 

The DOE and GOCO establishments should report annually on energy 
RD&D employment and cost's by type of energy, RD&D stage, and worker charac- 
teristics for selected STP occupations. Adaption of operations reports 
may be the feasible collection method for this purpose. 



Other DOE- funded energy RD&D contractors and grantees would be 
called to report consistent but less detailed infornlatT^ on employ- 
ment and expenditures.* Again, operations reports might adapted to 
provide such infjOrmation, but other options may be more practicable. 

Information- on energy RD&cD funded by dther Federal dlgencies would 
be sought through cooperative arrangements with such agencies. Consis- » 
tent employment and expenditures data for such RD&D projects might be 

collected ditectly by DOE or through^ collecting agent, such;^as the 

> . ^ * • . - V ■ ■ ■ * 

National Science Foundation. ^' 

The final element of the system involves' the coverage of estab- 
lishments engaged in energy RD&D without Federal funding. This element 
completes the coverage of all segments with respect to STP engaged in 
en'ergy RD&D, and, since it is of the least direct interest to DOE, would 
reasonably include the least detail. Information should be sought on 
STP occupations, type of energ^'y involved, RD&D stage, and amount and 
sources of energy RD&D expenditures. Specifications for this collection, 
which would invoiye samples of industrial, university, and other estab-^^ 
lishments, should be developed in cooperation with the National Science 
Foundation which is now the principal collector of R&D data. If mutually 
acceptable arrangements can be made with NSF, it could well serve DOE as 
the collecting agent, as recommended previously, in lieu of direct collec- 
tion. * If not, DOE should undertake direc t* or con trac tor collection, 
utilizing the Directory. of Es tab lishments Conduct ing Energy RD&D 
recommended above. (See pages TV-18 to IV~21.) 

II . A Reporting System on DOE Training Support 

DOE' s development of "policies with respect to graduate student sup- 
port, both direct and under research '^p r.ograms , would be aided greatly^ by 
the provision of more adequate information on the subject. ^ , . 

Therefore^, DOE^ should take- s teps as soon as possible to establish 



14 



r 



a reportin.g system which will provide data on numbeiTs, academic fields*, 
mmi-years of training or employment, and other characteristics of all . 
persons receiving support under such training, .programs as fellowships, 
train^ships, research assistants and post-docto^als. The system 
should cover all relevant * ins ti tutions of higher e'ducationy. related 
national and other laboratories, and similar orgafiTzations having DOE 
support under which students would be i/nvolved. (See page IV-76.) 



OTHER IMPROVEMENTS 

v - 

12. Need to Glarify DefinitioWTof Energy RD&D 



ft 



DOE should move to achieve a unified position both in the Depart- 
ment and with 6ther agencies on the detailed*, elements within the taxono- 
mies of energy activities to be uaed for -collection of information in- 
cluded in\^e manpower information^vsystem. ijhesp- taxonomies should be 
compatible with other reporting needs JLn the Department. A. substantial 
amount;f of detail is required in the" energy taxonomies to permit' analysis. 

.of mafnpower issues. • The Department also should, in concert with other 
data collection agencies (NSF, the Buikeau of L'abbr Statistics, etc.) ^nd 
with consideration of all departmental requirements, e"^t§blish and ■ clari 
def*initions for the ^ev^ral stages of Rp&D activity^ including b^sic and 

.applied research, development' (possibly with more than one stage), demon- 
stration, and^ R6'D. plan t . . ' 

Employment Data * * ^ 

IJ. Usefulness of the^F-sponsored National Sample of Scientists and 
Engineers is seriously limited by sample inadequacies. We recommend thac 
DOE work with NSF and Census to include technicians and to improve the 
sample with respect to STP manpower not in the most recent Census of Popu 
latlon. Type of energy should also be ascertained for those engaged in 
energy^RD&D. . (See page IV-3.) _ \. 



14.. -The National Research Council biennial Survey of Doctoral Scien- 
tists and Engineers identifies doctorates engaged in "Energy or Fuel," 
but tiot by type of energy. ' DQE should encourage the inclusion of such 
information In the future and also the classificatiotK-of private sector 
employment aiicording to the Standard Industrial Classification. (See 
page IV~5. ) • ' . - . 

15. ^We recommend that tbe cop tent of the DOE^ Survey of Nuclear Employ- 
ment be encompassed by" the proposed expanded DOE reporting system. (See 
page IV7-6 , ) . . ^ ' . / 

> ■. 

16. - DOE is now responsible for reporting by regulated energy industries " 
formerly the responsibility of • Federal .'Power Commission and the ^Interstate 
Commerce Commission. It is recommended that DOE 'review the manpower as~. 
pects of such reports with a view of standardising the- reporting, specifi- 
cations and publishing the [occupational and related' data. (See page IV~13.) 



Labor Market and-Mghility Data 



Transfers between occupational fields Jnld liranigration and e^igr#tion 
movements signif icant^ly >«af/fect the supply of manpower available for energy 
RD&D, and information on/the nature and extBTit of these^ movements are needed 
■to assess labor, marked conditions. We therefore recommend that DOE ^should 
initiate action wi/fn other appropriate agencies ttx accomplish the follo^ng:^ 

17. The Cen^tJS Bureau should be- urged to continue to collect data on occu- 
pationsv h>^d 5 years* earlier in each population census; to collect them ^on * 
^a samp/e larger than the 5 percent of the populatj.on sampld^d in 1970; to 
make tbe tabul-^tions on the whole sample available^ "for analysis; and to 
conduct research looking toward greater accuracy of occupational reporting 
and coding. (See page IV-46^) 

18. The Immigration and Naturalization Service should be urged to improve 
its statistical operating data 'on Immigration, with particular emphasis on ^ 



■ ■ 16 

xii 



improved classification, tabulation and publication of occupational ih-^ 
Reformation on applicants for immigration, and to consolidate the original 
^applicatiop data so that they may be accessed_fbr -special analytical " 

needs as "they develop, with due regard given- tpVthe confi_dentiality of 
_^hese reports.- More detailed instructions sftcml;3 be • given in applica^ 

tions for immigration,, and more^etailed .instructions should be supplied | 

to consular officials, to improve the accuracy of occupational desigria-' ' 

tions of applicants for immigration. Checklists' and definitions should 

J- - • , 

be supplied 01^ critical, occupations and on those subject to preferential, 
admission. Periodic follow-up surveys should be made' on the employment ' 
status of immigrants; a key objective should be to trace whether immi- 
grants work' in the occi/pations in wljich they listed themselves be'fore 
immigration. (See , page IV-52 . ) 

\ ■ - •. ■ - . 

19. The INS "fe^ould also be urged to develop information on the emigra- ' 

tion of U.S.. scierHists and. engineers', in order to. fill -a significant 

gap in our Jcnowledge of scientists and engineers supply. A program of 

international, cooperation i■a^ the collection and exchange of ^data an. im- 

. migrants,. by country of origin, may be the" ultimate answer to a difficult 

collection problem.' (See page IV-53.) , ' 

-20. To determine- the effects on energy manpower supply of shifts be- % 
tweeri fields of training and of employment, DOE shoifld work with NSF and 
the National Center for Education Statistics to assure that their surveys 
of the work experience of graduates collect arid tabulate fie3^ qf degree 
and field of work data to. meet DOE's special needs. (See page IV-54, 55.) 



21 . Manpower Intelligence Network 



DOE should establish a "manpower intelligence network", consisting 
of key indivicjuals in intramural laboratories, GOCO's, ^nd in some selected 
major '^DOE coi^tractors , chosen 'because of their familiarity with labor mar- 
ket conditiohs. Thi? network would serve as a "quick response" panel for 
supt3lying^y)3rie'f feprorts on current and possible future recruitment and 
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training problems on scientific, technical , and skilled manoow.er for 
.energy RD&D programs. (See page IV-61.) ^ * \ 

Earnings Data , * ^ ^ — \ 

. .;. ■ , . • ^ ; ■ ■ ■ ■ ■ ^r^^ ^ 

Information on earnings is 'important .rar M^e^ssing and responding 
to labor market supply and demand conditions Tor energy RD&D malftpow^r and 
has .significant 'uses for RD&D program management. We therefore recommiend: 

22. v DOE, should formally review the administration and procedures of .t;he 
Battelle National Survey of Compensation, or /Convent a panel to conduct 
sucfi a review, with the' aim of improving' the survey ' s reliabili ty , now 
prejudicej} by low industry response rat^'s^ (See page IV-2^4.) 

23. DOE should explore/with the Bureau of Labor Statistics the enlaijge- 
ment of their PATG salary survey qoverage tt) identify significant in'diV 
jvidual engineering f ields ,» which are now grouped together, and to consider 

inclusion v.f-one-or more scien'tist occupations in^addition to chemists. 
(See page iv^fll.) ■ ^ *' ' r' 

EducatioTi and Training Data ' ^ " . " 

A considerable amount of information is available on the training 
of persons for employment in energy RD&D programs. However, certain im- ^ 
provements can be made to fill existing gaps and, weaknesses particularly 
for the less than professional levdl occupations. Specifically, DOR 
sljould initiate programs to make tne following data available: - • 

24. r DOE' should determine the types, levels and sources of training re-_ 
ceived by employed energy technicians through occasional surveys of .suc^ 
personnel, their supervisors, and their employers. Then selected surveys' 
of such sources 'of ^^ra/ining could be undertaken, including information »on 
content, facilities and type of instruction involved, ^ (See page ' IV-77. ) 

25. DOE should conduct another survey of^^TCmnnunity and junior colleges, s 

k .... • _ 

technical institutes, and similar institutions to provide data on 'the 




number of energy-related courses, options and curricula being established 
i^-in. tjiese^ schools. (See ^ge IV-72J ' • • / • * ' 

. 26. - DOE should re^uejt that>;the Nationals Center far Edtiication Statistics 
reinstiliute. collections' of . data on ^nrollmen ts . in organized "^occupational 

- <2ur5:ricula (including identification of ' energy-related optit)ns. ) (See 
page 1^73.) 

' 27.^ DOE should lend it^ support'^^^oral, financial, or other — to the " 
orderly -and Wpid, conduct of the Higher Education Gederal Information Sur- 

/>v^\^ (HEGIS) V Emphasis should be placed on making DOE .data needs known 
t6 the Nation^-^Center for Education Statistics — particularly on, fields 
of study relevant to, energy. DOE; also needs assurance of continued col- 
lections, esp^Qialiy those providing data pn de tailed ' freLd or program 
categories, e.g. ,\ upper division and graduate enrollment . (See. page_ IV-63 . ) 

28. For the annuav:|^ compilation of information on Federal R&D by functiojial 
category (defense, si^ace, energy, etc.), DOE should request NSF to pro'vide 
further specifications,' defi|iitions,, or explanations regarding the func- 
tional classifications. \ The present method used ~ judgment and-estimate 
by NSF staff — is probably tnore reliable and consistent than direct de- 
lineation by the agencies. However, users of such' data are unsure of the 
bases of decisions made on functional classifications. (See .^)age IV- 81 . ) 

29.. For the annual survey of\&D expenditures^n ' the industrial sector, 
,DOE should represent to NSF thapHtT'ciI^ exclusion of R&D in psychology 

and the social- sciences, particularly tfte latter^omits certain R&D of 
-relevance to energy programs. (See page- IV-85 
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CHAPTER I { 
THE NEED FO]^ A COMPREHENSIVE ENERGY MANPOWER 
^ . - INFORMATION SYSTEM 




INTRODUCTION 

This study was designed to assis't the Energy Research and Development 
Administration in its mission of encouragi^ig , supporting and conducting re- 
search, developi^t and demonsttration (RD&D) programs aimed at improvement 
and ejjpansion of ener.gy resource^ and capabilities. , 

To carr^^ out this mission, ERDA was directed by law to assess gD&D re- 
^quirements and to help assure ah adequate supply of manpower to meet these 
requirements. One of the means spefcifiedjwas to assure the collection, 
analysis and dissemination of nece/ssary manpower data. . 

A great deal 6^ data have-been collected that bear directly o^ indirect- 
ly 'on one aspect or another of manpower engaged in energy RDSD. However,. ' 
there has been little systematic effort to identify, evaluate arid interrelate 
these data and to explain their usefulness — and their limitations — for 
■ systematically Assessing the adequacy and availability pf highly , trained man~ 
* power Xo conduct RD&D programs. In a context in which comt^l ex arid multiple 
research objectives are being pursued simultaneously on a scale which has 
been rapidly expanding, and where the achievement of individual objectives 
may take several years and' require the employment of personnel with long 
years of specialized training, there is a clegr n^"ed to identify the informa- 
tion that is' required to assess manpower supply and demand for these programs 
-make the information available for use in such assessment, and "describe how 
the information can be used. The current project constitutes Dhe first step 
in- such an effort — the specification of a Comprehensive Energy Manpower 
Information System (CEMIS) for energy research, development and 'demonstration . 

Late in the course of this project, it also became necessary to Consider 
the breader ne^ds for rnahpower information ^f the Department o^ Energy into 
which ERDA's functions are now inc^orporated. We believe there is- a potential 
for the system proposed in this project to be adaptfecJ to those broader^ needs. 



i ■ - • . ' 

/and we recommend th^t bOE consider not only Jthe use of the^proposed system' t 
assist j5olicy formulation and man'agement of energy Rt^^vD, but that it also . 
consider furtliier elaboration and modification of the system for DOE mau- 
power information needs.. 

In view of. .some currepxt* usages and a popular -connota tion in scientific 
circles, the" term "information system" requires' clarf f ication . Ther infor- . 
mafeion system treateg in this prOjj>ect is" not ^ limited to a computerized set- 
up relying on a statistically consistent- data, b-ase that^ can t^e^ stored, ma- 
nipulated for mathematical c(inclusions , apd reti^ieved electronically — 
although such an ultimate proce^^can be foreseen when a body of data is 
developed that is reasonably, adequate in .content^ and coverage and reasonably 
.consistent'' for purposes of comparison. - ^ ~ 

\ . Rather, the^ system specified in this project is a -logical structure of 
integrated information components that can be related conceptually and^em- 
pirlcally to the .task of measurement and assessment of manpower supply and 
demand involved in the conduct 'of energy RD&D. This system will Identify 
the appropriate .data^ sources and^esfafilish the logical relationships among 
them; it will indi^te 'the- liTtfi^at ions of data coverage or interpretive^ 



validity and. make recommetvdations for dat,^ improvement ; and it will provide 



guidance to the interpre/t-ation oft the data^^and point to the additional data 
that m'ay be needed f or/conf irmation . ' This report aims at drawing the de~. 
sign for the* f ramewor/K of the system and describing *the procedures for coji- 

V ' ■ ■ / ^ ' ' ' ' ' ' ' 

structinW. estimates^f the supply/cfemand situation and producing other essen 
tial inf o^mat ionaj^bases for guiding policy decisions that involve utiliza- 
tion of highly tra^ined manpower in energy RD&D. 

, In specifying'^ the data cbmponer^s of t-^e. System, we regarded the prac- 
tlcal mandate of this' study to focus on the" information that exists, and 
only after identifying what is availabl'e and evaluating its utility in the 
logical structure, did we consider and prqpose the 'Statistical improvements 
an^d innovation^ that we consider essential for the purposes of RD&D policy 
formulation^ anid program management. IJhile we believe there^ may be advan- 
tage'^ in mechanizing the storage and retrieval of presently available data 
S-ources, compi^terization for the purpose of programmed data manipulation 



do^s not at this po^nt appear to be feasi^^le, 

B. , mY ARE Wi CONCERNED wffh- MANPOWER FOR ENERGY *RD&D? ; 

The elem^e^its' of- ouj- n^tiiOnal energy situation whiclj lead^Jtcr ^ c^s^'inicern . 
"for RD&D manpower can be simply' stalled . .Cheap^ and readily ^vaijlable energy, 
has beei* a ci^itical element in our x^ay of life":, . But the* supply q^'s^ch- 
energy^now appq^ars tof be^>«^^opardy.^ The national demand for energy con-* 
^tinues to^ increase 'while new ^supplies . of oil and g^s, which supply the bulk' 
of pur* energy, have' not; kept pace. Moreover, we have jjec^me inciseasin'gly " . 
dependent on foreign suppliers of oil, and'tliese sources have proved ^o- he 



expensive and Undependable i^. a time of /intdrnational''tension\ . The 
costs of; energy haye in hddit3lon I'adically altered the international; balarice 



of payment's arid^uhe domestic p^rice structure; upon which ^any important- indus- 
trial and social ^decisions were based..', » ' ^^x) 

. While some of . the required, responses to these elements of *the. energy ' 
situation lie in the field of p^iblic poliqy (for example, measures involving 
conservation and pricing), a large .role in the resolution of energy problems 
has also been 'assigned to research and develx)pment . Virtually all expfess- 
ions of national goals now inclujde those of devoting scientifix: and techniqai 
resources to development of additional and alternative supplies^ of energy of 
greater dependability and lower 'cost, , They also aim at conservation of en- 
ergy supplies by developing, techriiq ues for eliminating wasteful uses and fox 
increasing efficiencies in use. 

The need for large scale and systematic deployment of research and de- 
* ■ • ■ ■ Ik. , 

velopmen.t resources to the solution of energy problems — 'and the need for 

data about manpower resources ^to conduct these activities ~- is revealed by 
increasingly accurate and relevant information about the nature' of The energy 
crisis. The collection and analysis of information that identifies and de- > 
^cribesl the problems is in itself a" function off research that bears orf the - 
subsequent decisions regarding the directions of further RD&D efforts. This 
fact-finding funct:i^ori is -required so that administrato.rs and the public can 
determine what the problems are, how. significant they are, and find guidance 
in selg;^ting the options that are available/ The fact-findin'g function 
should alsQ s.upply manpower information,- showing thet^ resources available to 
pursue ^these options. " ^ ^ ' , i " 



1. * A Successful ^D&D' Response to the"pi;iergy Problein Requires" the " 

^ Availability^ of Highly Specialized Manpower/ • P* ^ ' * . 

. ■ ■ .. . • '■ ^ 'v \ ■ \' f 

The ^compulsions imposed by the nature of^tli^ energy 'crisis make it likely*" 

-that important shifts will take place in energy^^' production, conversion, trans- 
'.ifiission and use. To r^d\K:.e reJ^iance on fpreign^j supplies, *pcf incre^e conser- 
vation a\d efficiency of energy use and .to' develop' new sources of energy -t*^-' 
quires scientific exploration to develop new knowledge and techtiblogy.* Highly 
sp^ialized scientists » engineers , A tiechnicians an>3' craftsmen will be needed ' \ 
..'for virtually all of . the apppoachesVto the>^nergy problem: to explore an^ 

develop unconvenlfional sourceis* of energy — for example, the ''sun, winds, 
"and ocean; to devise ngw^ approaches to the conventional sources - — fluid coal 
^'ombu^^orf and magnetohydrSijjJ^^mics ; and -to improve conse,rvation and .effi- 
ciency in use — lowei-loss electrical ' tran^i^siort systems, more economical 
auto turbine engines and alternative methods of piropulsion and transportation.. 
Highly ^ trained manpower will also be needed to determine the economic feasi- 
billty^of the remedies proposed, to gauge thtelr impact- on our wa^ of life anc^ 
.to assess the risks they pose to individual health and safety and the envirdn- 

ment . . ^ ^ ' . \ ■ \ ■ . 

^ * ' . . ■ . . . ■ 

V The repord of the past Suggests that this country can meet the "current 
^energy (yrisis' successfully if the national sense of purpose is to do so. If . 
the -commitment is^ serio^^knd sustained, and adequate resources are devoted 
tcf* the effort, the country can make^the scientific advances and develop and 
apply the needed technologies. Depending on a number of^ factors, a consider- 
abl^, variation is however possible in the degree of success achievedf-^nd even 
1^ the nature of the outcomes. If the skilled manpower required is not avail-, 
able in s\iffici^nt number or with appropriate qualif ication^ potentially sig- . 
n-aricant improvements in energy resources or capability can be delayed or 
their effectiveness largely frustrated. - Eveji if the eliergy improvement ob~' 
jject>ives are met .under these conditions,' other undesirable effects can occur. 
If, for example, the education and training of a future supply of specifically 
specialized man|iower is ignore;d where the manpower demands. of RD&D prc/grams 
Imply large additional long-term needs, then efforts to induce, current employ- 
ment shifts can lead to program! delays and distortions in the general wage 
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structure. The absence of^ ^ccurat^' in6orina.t^on. on manpower supply anid dfe- 

mand can also lead to a wasteful deployraent of skills and a fedu'ced general 
, ^^^^^^^^^ ' . ' ' ^ . ' . ^ • , 

-*'BfTTciency in the employment 'of slc^^illed manpower, - 

On, the* other hand^ many unde.sirable consequences can be averted if the 

skilled manpower requiremen^ts of alternative coursijfes of act^ion are known, 

and if actions are taken ' con^sciously to minimize a^^r^""ef f^eci>s ■indij::ated 

in the information on manpower supply and de^hand connected with" each course 

of action. . 

Ir The„ Growing Scale of Energy RD&D " 

/ Between 1973 and 19.78, Federal si^ppq.rt of en*erg>» R&D rose-^more than six 
fold to $2. 8 billion. The industry-supported etiergy R&D .effort probably 
was fralf-again .as lajpfee (.roughly based on t-he previous ratio of industry to 
Fedetal' energy R&D expendi^tures) Furthennore, there \^ also^^the demonstra- 
tion ^;^rt — ^he process of sewurilUg the. adof^tioi) (of 'technological and 

scientific innovations tp commercial use -r- the size of which is not kno\^m.i 
* ■ . *" . 

although some part of it is included in the R&D totals, and some Jpart is 

probafcly additional to those totals. Moreover, the pontent of the' RD&D 
activities haVe ranged from studies of the impact of oil shale -mining fti 
water S4ipplies to biomedical identification, of energy-related fiazardous 
agents, to cite only two^^&fi progr^ams abstracted at random.. As ' the .impact • 
of the present energy ^tuation -continues to bear on "the public, the demand 
for solutions and further increases in RD&D support will grow. It also seems 
likely that greater accountability for the efficiency of RD&D efforts will 
be demanded. Before decisions -are ^ made on RD&D, programs, RD&D administrators 
will need to knW and have to ^ask the questions that relate to the availabil- 
ity of requisite R&D .personnel. " 

A program of research, development and demonstration requires otie key 
resource that ig not readily expansible: scientific, technical and skilled^ ' 

craft workers. The Ipng lead time required, to educate and train vthese %)rkers 
/, . » * * ^ • 

makes it/'dif f icult to increase their Tiumber rapidly in response to the chang- 



* National Science Foundati6n, Scdence Resources Studies-Highlights , NSF 77~32p, 
' Washing tt)n, Sept. 30, 1977, p. 3. * . * ■ , 



ing imperatives of science and technology programs. Moreover , *f or research 
at the forefrontT^ knowledge , o.nly the mpst highly q^ualjlf ied .or raost» specia 
ized scientists b^an be productive; and it may" take 'many months o£ /additional 
^^^.^^^^^fralning to bi?4i¥g an otherwi^se generally ^ualif ied -scientist---N^to that level 
/\ Otljer! sectors of the, economy are absorb in^^an incr^^sirig nurabpr Ofef/sci^nt^s 
' ' ^ and, engiaeers, so th^. they are not easi!^ aVai\ab^ for edergy RD&D; *^ploy 
^ * m^t in -these occiipatipns, after grpwing rapidly >in the yl^p^- s^^^a^rd' 'I960 \s 

and'l^en hplding stable ear-ly ^n , the '^^^Tp 1^5 > '.has V^sumed its growth. s^e^' 
c^'in^ in^ the college-age popula^^Vi is goijig' "to occjur in' the .egrl^y ^9'feO*s ^'s 
^ result of a drop^ ir^ biVths nearly two decades * ea^li^r , ^^Expei^ience shoiis 
that demand for some scientific and /^technical occmpations .increases faster r 
than the avera(ge, whij,.e demand fQr others grows mox^e sloX^;ly ; it is possible, 
therefore that s'dme occupatiqns needed in energy RD&DN^iay 'be among those in 
demand for other types of work* 'Thus fche^DOE h-as to con&l4er_JJa,e pbssibil- 
ity that a resource essential to its work may be .in short supply. i> 

. • In sum, the energy RD&D effort is large and increasing^ and- im- \ 
mensely varied. The dyisions that will .be made regarding its 
future^ content, scale ^gd dire.ction cannot p'Tudently ignore ^ ' 
consideration of manpower needs and resqurces . 
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SOME. QUESTIONS THAT A 'COMPREHENSIVE ENERGY MANPO(>rER INFORMATIOI5 SYSTEM. 
MIGHT ANSWER : ' ' ' 



] , Questions Direct^ly Relating to Supply-Demand Adeqtiacy ■ . 

' ■ ■ . ' ' ■•' ' > 

■ ' a. What is the Volume- of STP ManpgWer Now Engaged in Energy R&D? 

* V, .How is manpower deployed between energy technologies? ... Stages of 

RD&D? .Occupations? ... Industrie^? To what extent is m-anpower drawn froifi 

pther sectors'? Wnat are the patterns of ipter-sector flow? 

b. Are Any of the En er^ RD&D Prog^rams Now Being Hampered by Personnel 
or Manpower Problems-?. . " 

l^at is the nature and dimensions of these p.i:^b lems ? l^at ^indica tors 
reveal them? High quit rates? ' InabiMty- to attract qualified- workers? 
Emplbyee dissatisfaction a^d low morale? 



'J' What are the possible causes: 'general shortages in the occupation, low 

• s«*ai jes in the desired program /compar^ to alternative employment,^ undesir- 
able location,' work situation, or' Vc>rkihg- conditions j others? (The ^statisti- 
cal 'indlcat9rs that identify the .problems and causes — ^ or fl.ag an alert to 
examine other relevant indicators, — would Ire tagged in this system) . 

' What re the shortrterm and^O-ong-term options available for dealing with 
the probleips: salary adjustment; ;improve^ working conditions or work rela- ' • 
" d'ionsh'ipa; recruitin^g- and training worke:rs fn'related occupations or sp^cial- 
ties'; others^ • • ' . 

f^. ^What Pr^Dblemsi'Should be'-^Anticipated if^a Series of Addit ionai>^barge-Scale 
RD&D Projects are ^Under\taken in a 'Vari-ety* of Fields — For E^iempfle^'^ Solar 
• Resi'^^tial Heating and CooringrGeothermal Electric:: Conversion, Co^lyf ' 
Gasification? ^ ' ' . ^ ^ ^ ^ 

— What will fee the^ impact of 'their aggregate, staffing requirements 

* • ' ^ '\ ' 

on the availabl.e manpower supply in the occupational specialties 




requi^red? 



.InVtheir. later stages of 



: ...At the inceiDtion of- the programs?., 

development?' ^ . 

What competing requirements a.ne' there (for these kih4s ot manpower? 

Currently? ^Prospectively?' In what oth\r sectors of the economy? 
, ' — What are the recent employment ttends iln' these occupations? Recent 

> . entries? Prospective entrants now in^ training? 

' . -- Are there* potentially qualified personnel in allied occupant ions or 
industries! ..Is ,;:here an empirical 'pat/tern of employment shifts 
^/ the required ^occupations that points to the areas- of potential 

sujjply or suggests the* magnitude or aaWe of employment substitu- 
"l"^ tion according to educational . or experience qualifications? 

• " , relative pay scale/whicb,.accomp^nied previou^ shifts? 

What are :these relat^^e pay scales now? ' 
" are the education and training' requireniants for the needed • 

. • personnel? l^mat lead time ^rs requi^red for trailing? (Years of 

training, age at e^arning-doctoral degree).- • ; 



d. As Energy RD&D yrograms Expand, Will They Experience Manpower Shortages? 

J ...In, what occupations, when; in what loca^Lities? 'i* " . 

Thi3 requires information on the kind$; o^ questiimis exemplif i(?d in the 
v'fol lowing situation: 

— Howj|lnany potentially - qualified personnel are in the trsiining pipe- 
line? ^ What are the enrollments and degrees-granted trends? What 
is the' usual attrition rate between training for the field and 
actual employment? What are the fields into which these have 
shifted? What are the crossflows from other fields of training? 

— - - What is the status of incetitive programs for entry into training 
for the desired fields (student and post-graduate support and 
basic reseatch grants) ia comparison with other fields? Is 
' there a need for DOE^^olicy initiatives aimed. at influencing 

the supply of trainees or .the content of training? - - 

2. Questions Indirectly Relating to Supply and Demand; Directly Relatin-g 
to Management or Policy Needs Regarding RD&D Personnel 

a. Equal Employment .Policies' ^ , . \ 

— Failure to carry out Equal Employment policies can hamper full . 
utilization of manpower and can 'be a barrier to improved man- 

: ^ powef supply. - - \ ^ 

— Are Equal Employment Opportunity policies bein'g carried out wioh- ^ 
in DOE, in Government-Owned, Company-Operated plants (significant 

in energy RD&D and nuclear power development and production) 

and in private sector energy RD&D facilities receiving Government 

contracts? . ^ 

— ' Is there a pattern of de facto discrimination in employment that 

limits full utilization of manpower? Are women, blacks and other 
minorities receiving training for but not being employed in RD&D 
work? • 

— Are there differences in pay between men and ^omen for essentially * 
equal work that imply^ possibly undesirable personnel policies? 
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Support Programs ■ ^ 

~ Is the relative level of student siipport programs, fellowships and 
basic research support grants in energy affecting recruitment of 
potential energy R&D personnel vis-a-vis other fields? 

-The above question^; .^nc?. eom^ of information required to answer them 

are illustrative and not exhau'stiv^. Because ail of the questions that may 
need asking.^and all of the information needed to answer them will not be fore- 
seen, one specification for a manpower information System should be that it be 
flexible — that it possess the capability for inserting and retrieving new. 
components of information to meetv changing focuses of management and policy' 
concerns regarding the development and utilization of energy manpower re- 
sources, v .; ^ 

The information system cannot, and should not, be used to answer ques- 
tions about appropriate policy or technological feasibility, but it is the 
next level of recourse once the other decisions have been made. 

• The data sources required to answer the kinds of questions illustrated 
above necessarily cover more than those on energy RD&D manpower activities 
.alone. Because a degree of fluidity exists between labor markets, develgp- 
ment^ occurring in certain non-energy sectors, or in , certain non-RD&D activi- 
ties, may have an impact on the supply/demand situation in energy RD&D activi- 
ties. A discussion of these relationships and o*f the breadth of data cover- 
age needed to reflect them is included in succeeding chapters. 

The. uses and users of -an energy manpower information system also extend 
beyond that of 'the energy RD&D sector. In addition to policy makers and. 
managers responsible for Federal energy RD&D programs, there are also univer- 
sity administrators, students and other* potential RD&D practitioners, and 
officials concerned with educational policy who must often make decisions . 
that require the information and analytical estimates that can be provided 
by a com^^rehensive energy manpower information system. The system described 
in this report envisages the ultimate availability of its information for a * 
variety of uses of public benefit that will algo aid in trhe efficient utiliza- 
tion of manpower for energy RD&D purpose's. * - 



D. TOE PLAN OF THE WORK / 

Tn^the following chapters, the f^;amcwork and^ specifications o^the 
system are laitlout. The report is organized as follows: The scope of an 
energy RD&D manpower information system and the defirrition of its components 
are discussed in Chapter^'ll. Chapter III delineates the logic of a system 
— the conceptual and theoretical considerat ions that lead to the . selection 
of the kind's of data and^ analyses that are significant for manpower assess- 
ment. Existing data sources are reviewed and evaluated in Chapter TV, whi'ch 
then goes on to specify the' elements composing a comprehensive data system 
and describes how to develop them either by modifying existing sources or by 
creating new* ones. Chapter V describes how these elements can be applied 

and utilized in manpower assessment. A preliminary appraisal of the man- 
» 

power situat'ion, based on presently available data, is given in Chapter VI. y 
The appendices include: ^ ^ ^ * 

a) taxonomies for the classification of data; 

b) detailed descriptions of the major data sources; 

c) a bibliograpljj^ of publications, assembled and u^ed 
in this project; and 

d) a listing of the principal individuals interviewed in 
the course of the project. - , 
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--""^^ CHAPTER II . 

SCOPE AND DEFJNITIQNS OF COMPONENTS OF THE > 
MANPOWER INFORMATION SYSTEM 



A. INTRODUCTION AND GENERAL . . '"^ 

• As important as energy activities have become, still the manpower en- 
gaged in RD&D (with respect to; production, conversion, conservation, and 
improved utilization of energy) is relatively a small segment of the national 
. labor fo^cfe. .When the focus of interest is 'narrowed ,furthe-r to the scientific 
and technical,, the target population becomes quite small in size although not 
in imfjortance. Taking private^ industry alone, of 1,180,000 scientists and 
engineers employed in 1975, 186,000 were in energy-related* activities, and 
only 37,000 of the latter were in energy R&D, according to the National " 
Science Foundation.'^ To this should be added those in energy RD&D in govern-- 
ment, universities and nonprofit research organizations, in which they • 
probably are. %en smaller proRpr tio^rls of total employment. A broader concept 
of energy RD&D^ would add- to.' this number , but ^the point is that such manpower 

is still a small proportion of scientific and , technical ^personnel . An 

• . . . *■ ' - 

;.y equally small portion of all doctorates .are in en^gy RD&D activities ~ 

V- , . S • ' - .. S ■ '■ •" '/> • ■ . 

-aboui f ive percent'; > ' {. ' ^ ' .. .^- 

*- \ ' .ttovfev<er ,;}*t^^ s^a'iJ^ is 

enga^e^ 3^ of:^i^i[^ are critica^L: to our nation. • 

■ / / . .■ • a' ' ■ "ri yr' -i"- f-' ft?!'' ' ■ ' • ■• ^ ' 

We <:annot take fox granted- t^'a,6. 3pi^i^^^^ available- when needed; 

The nature and scale of the' ch^li^eri^^^^^^ 

tovchange from a --variety c|i*S^iJtag^ for the Department of^ 

•Energy's (DOE) purposes,' it'is iii>^ortant to (i) get complete information "on 

the manpower employed on energy RD&D and (2) analyze the manpower situation 



^National' Science Foundation, Private Industry Employment • of Scientists and 
Engineers irt 1975 ShoWs 5-Y'ear Decline , NSF 77-312,, Wasliington, D.C. May 1977. 
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for them in the context of total . demand and supply for 'all members of 

each .energy-related specialty in the nation,- including those in activities v ' 
other than energy and in work other than R&D. . ^ 

Nor is this target population concentrated in a few industries or 
' activities. It may be found in many locations ranging from routine design 
to exotic basic research. Developing 4 manpower information system does 
not- easily fit the established patterns of repprting according to classi- 
fications of industries or occupations. *The (concept of energy RD&D as an 
important manpower activity, cuts across traditional practice. 

The main purpose of this section of the report is £0 describe . generally 
the scope and limits of the Comprehensive Energy Manpower Information System and 
provide the more important or obviouS measures, definitions, and taxonomies 
required. These include such areas as: energy research, ' development^ and 
demonstration; energy activities; categories of manpower,; occupational 
groups arid specialties; fields of degrees arid enrollment in higher education; 
'^ndTthe physical -and industrial location of energy RD&D programs. . 
* These are some of the issues: - * 

1. How Is RD&D Distinguished From Other Activities ? 

Which of the many activities concerned with energy under the DOE's scope, 
of r'es^>onslbility should be considered RD&D for purposes of the manpower in- 
formation system, and how can they be distinguished from exploration, pro- 
duction, distribution, regulation, etc? Also, what are the bouhdaries' . ' 
between research and development, between development and demonstration, s^ing 
these activities ais a continuum? Demonstration, the last stage before full 
commercial development, presents particularly difficult definitional problems. 

2. What ^is Energy RD&D ? ^ ■ ' ^' 
The act;ual core idea is clear, but the boundaries are hard to draw. Is 

there a subject-matter boundary to energy RD&D? If problems of corrosion 
arise in developing geo thermal energy, of^he strength of materials for boilers, 
or the electrical conductivity of metals, or the working properties of silicone 
as they apply to manufacturing solar energy collectors, of the enviromneri^tal, 
effects of strip mining - are these varied topics , with applications in non- 
energy fields, properly included in ^'energy RD&D"? <Perhaps the practical 
answer is^ that energy RD&D is whatever DOE is funding because it has been 
...administratively determined to. be relevant, to DOE's mission.) 




3 . . What Kinds of Manpower Are Relevant ? , 

• • Workers on energy, projects include scientists, engineers, technicians, 
skilled craftsmen (both in laboratory work and in building demonstration 
tacilities), clerical workers, service workers (janitorial , pro tec tive, . etc . ) , 
and others- Many of these workers require little training and , are usually 

asy to recruit, but, those with Ibng learning periods, either years of 
college education or apprenticeship, cannot be recruited so readily if the 
supply is short. These'are of the greatest concern from the point of view 
of manpower supply and demand. Which specialities are required for^^energy 
RD&D, eSpeAally" by the new energy technologies being investigated? 
What Sectors .Qf .^h^ Economy Are Involved ? , 
Can energy industries or energy-related industries be identified? If 
so,, the problems of getting data now collected^ or of collecting and analysing 
new data would "^be made ^asierJ J' 
' 5. flow Can Graduates Who Constitute the New Labor Supply For Energy RD&D 
Occupation s Be Identified? . g 

6 . How 'ghould Information On Energy RD&D Manpower Be Organized To Be jlost - 
^ \lseful To DOE ? 

Among the possibilities are; 

la) Energy soiarce, (9oal, oil, hydr^-power, solar, etc.) 



f 

(^ Energy stage. (exploration, recovery, conversion) 

\' ■ ' , ■ ■ ^ 

(c)^\^Energy technolo gy- (u tilization of ^waste .heat, enhanced recovery 
methods , etc . ) 



(d) Location of program CDOENintramural , -outside contrac t or grant , etc.") 
7 • How Doeg.'An Energy. RD&D Manpower Information System "Relate To. The Broader 
Economic ^nd Manpower Context ? ^ 

How should the rest of tjrfe economy, and the relt of manpower (with' which' 
energy^ RD&D manpower is to' some extent interchangeable) be taken into account 
in the manppwer information system? . \ 

The general focus of ^the proposed manpower information system is the 
supply/demand balances of personnel (and the factors which affect them) 
necessary to carry out the nation's prescribed energy RD&D programs.' Some 
of the relevant fac^tors will require current, frequent measurement; others, 
more general and occasibual analyses. The various factors affecting current 



and future supply and demand balancps will be spelled'^ut in later section's 
of this report. ^Some information needs are obvious — the runiber of chemists 
currently employed in energy RD&D activities, or the planned expenditures 
for basic research in physics. In other cases, there is a need to quantify 
the effect of certain factors on future supply such as the relative participa- 
tion of women and minorities in training programs. 

Finally, the manpower information system needs to be delineated not ' 
only as to the specifics of energy RD&D, but also in the national con-tejct. 
' It must be designed for maximum flexibility and possible : expansion; Basically, 
t thh system should be designed to provide answers and measurement not only for 
current situations, but primarily to provide a basis for informed" decisions 
and action on future activities. , ' 

The field of ^ energy RD&D is undergoing rapid change as new technologies 
are explored and new areas of research opened up. Therefore, it is likely ' 
that economic sectors that had not been traditionally considered energy-related 
will become. so, and that specialties of science and engineering that have not 
bepn involved in energy rif search,- will become involved, or that new specialties 
will emerge, including some on the boundaries betw^n scientific disciplines. 
Such new occupations are the ones most likely to develop shor targes that could 
impede the energy RD&D effort, * ' T 

Further, the Department of Energy itself " has4 just been formed of an dmal- ^ 
gamation o£ several types bf energy activities^ Th^ organizational issues 'will 
bring changes *iij^ content , goals, and other a^^cts of energy RD&D., 

It is essential, therefore, that DOE be alert to the development of new 
occupations, or specialties, as well as to the involvement of additional^ or new 
industrial segments involved in energy RD&D work, and to make sure that ongoing 
and planned data collection programs on manpower and RD&D activity include - 
them. - ' ^: 

. In a comprehensive information system involving multiple data sources, 

we need to be concerned not only with* accuracy and relevance in identification 

• . ■ - 

of components, but also with comparability of\ classifications among different 
..data sources. For example, valid conclusions about differences in salary for 
different occupations, or for the same occupations in different establishments 
or industries, depend on accurate identif ication of the job and its work 
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content, a-nd of the components customarily affecting salary, such as training, 
experience, supervisory responsibility, and so on. To cit? another example', 
valid conclusions about , -trends in employment irugiven specialties depend on 
uniform, or consistent ■ iJlentiflcation over time of the jobs reported on, 
^particularly if differ'ent. statistical series have tq be relied , on. The 
comment of Professor Leontief is pertinent in this .respect. "An unreasonably 
high proportion of material and ^ intellectual resources devoted to statistical 
work is now spent not on the collection of primary information but on a ' 
frustrating and wasteful struggle with' incongruous definitions and irrecon- 
cilable classifications. 

Theye are in fact se-C/lral classification systems, each claiming unique 
merit, thaj; .apply to the relevant data describing manpower supply and -demand, 
It is tlfTe reality of th*ese different systems that prompts the need for practical 
decisions aWit the taxonomy of data sources in a comprehensive .energy manpower 
information f system t-- what taxonomy should be used in {^e development of new 
data sources?'— 'what taxonomy is the most ireaningful for the uses of energy 
manpower information and should become the comIno^l standard for ' analytical : 
presentation when data sources w^th different taxonomies mu^t be usedl^" 

The interests of economy a'nd pragmatism dictate that' use should be made 
of the systems that exist, ahd that 'tectipiques cf analytical convertibility ' . • 
among different systems should be relied on for comparative use. wherever . ' " 
such convertibilit}K%^n be achieved, and the results^^t^n be appl'ied prac tfCallSr 
to the manipulation ^and analysis of dataT. . ■ Thes^ principles would limit mod- 
ifications or innovations in taxonomy only to those cases where " the existing 
/ taxonomies pre'^ent or seriously fiinder meaningful use of critical elements of 
data. The considerations applicable to the specific areSs of data are dls- 
. cussed below with recommendations on the t^onomies most relevant and useful -^ 
for an energy manpower information system. Fortunately, there are far more 
elements that are equivalent than ^different among the various taxonomies, 
particularly those components relating to scientific and engineering, manpower . 
The differences that exist ha^e^become increasingly less important'a barrier ■ 
to use as convertibility patterns have been established. Far more frustrating 
to users has been phe absence of meaningful or timely data or detail on 
categories of information needed. . ' , ^ - 

* Wassily W. Leontief, "Theoretical 'Assumptions and Nonobserved Facts", American 
Economic Review , March 1571,, p. 6.' ^ . - 
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B. ENERGY RESEARCH, DEVELOPMENT AND DEMONSTRATION ' 

Energy Rp&D can be broadly defined as that research, development, and 

dei^^tration activity whpse purpose is to increase energy resources br capa- 

biiitie,s, '(including both basic and support research related to these ends). 
■ v.. • > ' . . . 

One dimension along which information, .on energy RD&D manpower or expenditures 

has to be classified is the progression in-^tHe development of scientific and 
technological activity basic research towards full commercial use of a 

te^ihuc^ogy the disjE'inctions among basic^ research, applied research, deVelof 
ment, demonstration,, and other stages leading to full commercial utilization. 
These distinctions are significant for iralipower in 'part because the t(j)tal man- 
power per dollar spent and it€ occupational, compbsiti^ at each,v of *'the ^tages 
OT' phases along this progression ira^ differ subs tar^:laliy^ Furthermore, it 
is possible that additional stag'es or phases in scientific and technfcal * 
activity may be established as the programs of the hew Departnjia^nt of Energy 
develop . ' . ' . ■ ., • */ 

General and specific measurements of research and development have been 
carrieid out 'for more than tv(9^decades by the National Science Foundation (NSF) 
and -have been" generally accepted ;by policy makers and analysts. -A number of 
other agencies and^organizations have collected information on spending for 
' research and development ,^ bilt these a^^^^:I^v^er tied to NSF definitions and 
^practices or are\iinor data Collections. Also, th^ Of f "ice, of Management and 
Budget largely has concurred rn the NSF def initions ' and categories. There- 
fore, ^ it is recommended that the NSF conceptions of . the R&D process be utilize 

\^ . . . 
within the^ Comprehensive Energy Manpower Information System. ' 

• ■ 

Th.e' definitions used by ^the National Science Foundation (NSF), both in 
measuring , Governmental obligations- and authorizations as well as operational 
programs in industry, universities, intramural Federal laboratories, and by 
other performers follow below. 

A -special comment should be made about activities now generally termed 
demonstrations. It^ the past such activities may have been carried .out tra- 
ditionally either , as a part of the R&D- process or range of ^functions or have 
been considered more as a part of the production process. In any case. 



demons ttat ions have 'achieved .more prominence both in terms of delineation, for 
budgeting within the Federal R&Ds programs as well as in private Industrial- 
settings. -One primary reason for this is. the onset o^ large-scale programs 
ptich as in space and energy wfiich are beyond the riski arid other , capabilities 
- of single firins or organization/Ty The NSF presently proyides no specific 
^definitions for demonstration activities for its various surveys'. For Federal 
obligations, the •'agency staff is able, to exclude or inc^h^e 'Activities on the 
basis of , program definition. However, in tile case of extr^^u«l performers 
of R&D, it is not clear as to the inclusion br . exclusion of demonstration 
programs,. \ ' 

The main purpose pf sihs^h activities Is to^provide information, knowledge, 

♦ ' ■''«.,' 

and data (technical and economic) ^as to commercial feasibility. However 

'\ ' ' . " ■ ■ ' ' 

the pure diss^emination of information gained from research, development or 

demonstration Vould not be^ included. An ERDA official testifying before a ' 
Congressional Committee indicated: - 

"Some energy technologies appear to be technically f edible 
and are at the point where they could be demonstrated: ■ " 

terfiary oil xecovery, solar hot water heating, solar space 
heating, biomass conversion, syritheti>c gas from coal, syn~ 

-^^^^^^^ from coal and/or shale, and geo thermal /pOwerV " : 

. Many of these technologies are not being .commerciallzecl • - 

because the technology is , simply too expensive, resulting ' , 

, ■ * "* 

.the price of energy produced from project^ using these 

technologies to be greater than competing prices from tra- 

^ ditional energy sources, like foreign oil* Others, like-v 

certain solar technologies, appear to be cost effective^ on ' ^ 

a life cycle basis but are not being widely commercialized 

because of higher initial costs arid, perhaps, because of lack 

. _ of information on the part of the consumer."* 

* Review of GAO Report on Commercialization of Emerging Energy Technol o- 
^ies. Hearing before Committee on Science & .Technology 94th Congress, 2nd 
Session #99, August 30', 1976. 
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' It is obvious. that a definition of demonstration programs will have to 
be established so as to clearly delineate them for inclusion or exclusion in 

R&D. ' * - ^ 1 ^ . ' 

The definition for dergo^stration activities given below is based on selected 
program definitions within |the Energy Research and Development Administration . 
^(ERDA) and those developed in a study of the role of RD&D in energy made by 
the Univ.ersity of Oklahoma All of the stages are>. shown as being subsumed 
under research and development^. 

Research and development \consists -of basic and -applied research Iv^ the 
sciences and engineering and ac^tivities in development, all defined below. 
In terms of fields, the natural^^sciences — life, (including medical sciences) , 
physical — and engineering, . as well as the social and psychological sciences 
are covered./ ' ' , . 

Research , which encompasses both basic and applied, 'is sys ten\a tic ,' intensive, 
study directed toward fuller scientif ic^knowledge of the subject studied. 

Basic research for three of the sectors — Federal Government, universities 
and colleges, arid other non-profit institutions — follows the NSF definition 
of basic research which stresses that it is directed toward increases of l^ow- 
ledge in science with "... a fuller knowledge' or understanding of the subject 
under study, rathet than- a practical application thereof". To take account 
of an individual industrial company's commercis^^ goals'; .the' .idefinitionft)r.„ the ^ 
industry sec tor as modif^d to indicate that basic research projects . represent 
"j.*original inveistigations for the ^ advancement of scientific knowledge... 
which do not have specific commercial obj^tives, although they may be'^in ^^.^ 
fields of present or potential interest to the reporting company". 

Applied research follows generally the core definition • in the NSR. question- « 
naire sent to the universities and colleges: "Applied" research -is directed 
toward practical aj^plication of knowledge". Here .again, the definition for 
the industry survey takes account of the characteristics of , industrial orga- 
nizations it covers " research projects which represent 'investigations • 

directed to discavery of new scientific knowledge and^hich -have specific com- 
mercial ^objectives with "respect to either products orspro.cesses^* . By this 
definition, applied research in industry differs from hasic .research chiefly 

in termsjbf objectives of the reporting company* * . . 

* \ , ■ 'I ' •■ 

-Science and Public Policy Program, University of Oklahoma, Our Jlnergy Future , • 
The Role of Research Developmen t , and Demonstration in Reaching a National . 
Consensus on Energy Suf)ply,y Norman, Oklahoma 1976.^ " . , ' 
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bevelofeent for the NSF surveys may be summarized as the systematic^ 

use of scientific knowledge directed toward, the production of useful materials, 
devices, systems or methods, including design and development of 'prototypes ' 
and processes". ' ' . ^ , ' 

Demonstration or demonstrations may be generally defined as .those ac- 
tivities ranging between pilot plants and large-scale commercial production. 
They have the purpose of providing both hardware and software information with- 
sufficient reliability and credibility to lead to commercial decisions. Com- . 
mercial-scal'e^ d^onstrations represent- the final stage in a scaling-up proce^ss 
whi*h begins in. the laboratory and progresses through various "develobment 
phases. Demonstrations normally take place cnly after a technology is thought 
to be well understood and is at or near commercial viability. Another defini- 
tion of demonstration activities proposed for a survey was: Verification of' 
ecf»oomic and environm^en.tal viability for commercial application, through ' 
design, construction, test, and A^aluation, of large scale energy systems in 
operational circumstances. M ■ ^ , * • 

The definition of current operating costs for R&D used in the NSF sur- 
veys is as follows: "Funds used for research and cfevelopment refer to cur- 
•rent operating costs, consisting of both direct arid indirec t costs including .. 
depreciation, insofar as this information' is availabi'e. to respondents. Capital-' 
expendivtures are-excluded by definition and this practice is followed in the' 
surveys of the industry, u^vei-sities and colleges, and other nonprofit sectors, 
.under , the accounting practices '^of some Federal agencies -- particularly the \ 
Department of Defense —data on Federal R&D funds, which are available in 
detail only in terms of obligations ratlier than expenditures, do not include 
an allowance for depreciation, but do include. -some obligations for capitar- ' 
items."* ■ , 

Finally, it ife necessary ^ to . provide 'for the inclusion of that research, 
develoijfiient, and demonstratijm which is energy-refeted . This is considered, 
in Section C. Energy Activities. , 

■ ■ \ ^ ■ . / " 

.*Nation'al Science^oundation, National Patterns' of R&D Resources Funds and 
. Manpower in The United States, 1953-1977 . NS? 77-310. Wasl}ir>gton,. D.C. 1977, 
p. t9.. . • . 
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1 . Research and Development ift Broa'd Sectors of the Economy ^ . . . - 

The National Science Foundation (NSF) follows a four-sector divisign in 
surveying R&D funds and personnel and maintaining ti|ne series for expenditures 
and employment. This division is based^^n an approach that attempts to take . 
account of both the legal nature and major functions of organizations active in 
fdnancing and performing basic research, applied research, and development. 
Grouping diverse types of organizations into discrete sectors, however, requi-res 
certain arbitrary judgments because of the mixed nature of many organizations, 
particularly those in the university and other nonprofit sectors. ^Government- 
Owned, Contractor-Operated facilities (GOCO 's) for R&D, termed Fe'derally-ftinded 
R&D^Centers' (FFRDC's) by NSF, are generally inclucled in the^ector .of the orga- 
nization holding suctT^ontracts. Survey^ of -energy RD&D (manpower or dollars) 
need not be done along these sectoral" lines because of the nature of energy 
programs.* Howevfer NSF surveys provide the basic data on all R&D act^ivity and 
it will be reces^ary ' to^ link the basic data to the information i)OE does obtain. 

The government sector is made. up -of the several - types of government. 
Surveys are conducted annually . of agencies -of the Federal government and' oc- 
casionally (2 - 3 years) of State government agencies.^ Local goverrjment 
agencies have not been adequately su:;veyed . • i * - - . 

The indugtry s'dditor consists of both manufacturing and nonmanufacturing 
firtfs a^nd their establishments. These companies and establishments including^ 
organizations such as those in selected service industries, may' be classified 
in major industry groupings. Federally Funded Re$earch and Development 
Iters (FFRDC's) administered by industrial f,irms are., also included. 

Ti^e universities and colleges sector is composed of all institutions of 

higher /education, both public and private.- The term "universities awd 

C • - ■ ■ ■ ^ \1 

collegfes" is used to refer ' to the academic institutions • as' a group witftojut.^. _ 

the associated FFRDC ' s administered by the schools for various Federal "^^'4 

'schools of..arts and sciences; pi^of essional ^chools, such as engineering' and 
"medical schools,' including affiliated hospitals; associated research .insti-. 
tutions, and similar organizations, which arfe integral parts of the universi- 
ties and colleges; agricultural experiment .stations, and associated schools 
of agriculture, and^commund ty or junior, colleges . 



agencies,. The universities and colleges include colleges, of liberarl^^af tST 
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' Funds used universities and attributed to. the universities sector " 

as asource consist of seyeraP components : (1) State and local government' 
funds separately budgeted for research" and development, and (2) unrestricted 
or general funds which the institutions themselves have been' f ree . to *^ocate 
for- research. Funds from -the Federal GQyernnterit, industry, or other nonprofit 

institutions, which ^re supplied in the form o-f grants or contracts for 

> ■ i » 

research or development at a university ,V are credited to the appropriate 
"sdurce in the .performance of research and 'development by universities' and v 
oolleges. Thus^ research contracts from industry are treafted as university 
per-formanca. funded- b'y^ndustry as the source, whereas funds given to the 
ills titutioT^yby industry for general educational purposfesv^nd used. by\ the, ^ 
school, at indiscretion,, for rdsearch^ ate treated as Miversity per- 
formance financed with the university's own funds. , ' ] 

• ; Institutions in the other nonprofit 'Sector fall into ^wo general groups: ' 
(;l) ^ organizations whose act^^vi ties are primarily "granting" loi nature, namely^ 
private philapthropic foundations- and. voluntary heal^th agencies, and (2) 
/public and private- organizations, that are involved in performing research and 
.development, comprising separately incorporated nonpr^it research institutes,- 
.professional sociel^les, academies, of science, (museums, zoological gardens, 
botanical gardens, ,arl>oretums , nonprofit hospitals, and FFRDC 's administered . 

by nonprofit organizations, (such as Batteile Memorial Institute). ' 
;. , * ■ ' ■ / - ' / • ■ ' ^ 

Both the university and the other nonprofit sectors contain private and 

public Institutions ~ the latter are cloSely associated w4.th State or local, 
governments. A number of organizations, in both sectors, as well as in indus- 
try, 'also receive St^te and local government funds. ' . * : ^ 
2- , Research and Development^ by Fierds of. Science . 

The fields of science ugjed in the NSF surveys'are divided into eight 
broad field categories, most of them consisting of a number of detailed fields.. 
The broad fields are, life sciences, \p'sychology, physical sciences, environ- 
mental sciences,' mathematics , engineering, social- sciences, and other sciences 
riot elsewhere^ tlassified. The J^S> has collected and categorized data on ^ 
research and development by field^ of. science for several reasons'— - primarily 
becausa of its responsibilities --and interest- In basic and applied research as 
zjat^onal goals per se. - Because of the interdisciplinary nature of develop- " 
m'^nt, such expenditures have .not been xlas'sif ied by field of science. Since- 



a substantial part of energy RD&D prQ,gran[is is either development or demon-" 

-, stration, it is not recommended that information on energy RD&D, manpower 

or dollars,, be collected and classified hy fields of sx:ience. Energy HD&D 

manpower data will of, course be^ gathered in terms of occupations. 
>■ ■ . • ; ■ 

' ' ' ' • / 

C'^. ENERGY .ACTIVITIES ' ' 

The primary focus of the developm.ent of the Comprehensive Energy Manpower 
^Information System (CEMIS) under the present project was on manpower dn energy' 
research, development, and -demonstration. Therefore, the priority fdt^r delin^ 
eating data elements and components for the system should be for those 
specifically rejated to energy RD&D. However, for several reasons^ the develop- 
ment of the system cannot now on one hand be restricted^to energy RD&D nor 
extended on the other hand to include all relevant activities. It is extremely 
difficult at this time to draw boundary lines around energy RD&D- br its com- 
ponent stages. One problem lies with the definition or delineation of defnon- 
stration prograjns in the progression between development and commercialization-. 
Second, the progr^^ms being .carried out by the Energy Research and Development 
Administration (ERDA) were not restricted to research and developiflent (e.g. 
U-235 production) nor-r to energy matters (e.g. weapons development). Now. with 
the amalgamation of various component agencies,. Including ERDA, into the 
Department of Energy (DOE) , it will be even mere difficult to restrict relevant 
categories in a final version of the system to )energy *RD&D . Ijfa appears' from 
the charter given to DOE that its interests go bjeyond those activities. 

At this time and with available resources the system will be prescribed 
primarily in terms of the more\ limited area of. energy RD&D at leasf for 
activities extramural to DOE.* Further delineation of the system to all energy 
activities will^await developments within the new Depa4:tment of Energy. For 
intramural progr^s of th^ DOEtand Government-Owned, Contractor-Operated establish 
m^ntfi (coco's) the system should be extended beyond energy RD&D. 

In general then j* the Comprehensive "llnergy Manpower Information System must 
be capable of producing information for energy-related activities both in RE)&D 
and other areas, -as well as being expansible to total- or national activities. 
In this first sense then, all energy activities should be set forth inMetail , 
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or by a number of boundaries in o-rder that all potential information needs be 
examined. In the broadest sense llD&D should be conceived of as being related' 
to all other energy activities, that is: RD&D is possibly in almost every 
energy-related function. '• 

There are . seve^ral broad approaches to the delineation of energy activi- 
ties, not all '-of which need to be utilized as methods of classifying energy ' 
RD&D manpower. These include: 

Energy sources, such as coal, gas-; nuclear, water, geothermal 
or solar, * 

Energy stages, such as exploration; conversion, transmission, 
and utilization." 

Energy technologies , such as enhanced recovery of oil, electric 
conversion efficiency, improved industrial conservation, ,or 
various methods of coal gasification. 
Certain other energy activities e:^ther fall astride the above three categories 
or apply to nearly every energy activity. In additidn to RD&D these iaS^ude 
basic science support; environmental impacts; health, medicine, and safety; 
and efficiency of utilization or conservation. Also, energy activities .can ' 
be delineated in terms of .location or geography i.e., foreign and domestic;, 
on-shore and off-shore; above and underground; Eastern, Western or Alaskan, 
ajKfleven by State and locality. The several sets of categories would be 
lise/ul to some ektent as delineators in the analysis, planning', management 
or actual operation of energy RD&D programs and thus have relevance t0 man- 
power. 

Another set of descriptors could be made particularly for energy KOhv/^ 
programs. One expression of t"hese categories is in terms of problems to be ' 
solved, or- information required, characterized sometimes as technical support 
areas. As RD&D programs prove successful, next steps or progressions — not 
now planned — can be Undertaken. This set of descriptors- is closely akin ' 
to that for energy technologies; however, in many cases the categories are 

nly described as technical support to any given technology. In any case 
there is no established taxonomy ~ only what amounts to programmatic problem 
\-^re^s ■ — ' and none is suggested.. ■ \ 
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^ Further definition- and .dfescription of the major sets of energy" activities 
may now be set forth: 

1. Energy Sources : . Includes fossil fuels (including coal, natural" gas, 
crude oil, shale oil, tar sands), nuclear fission,' nuclear fusion, geothermalf 
solar (heating and photovoltaic) > wind, biomass (combustible and conversion 

to fuels) , and^water (thermal , and motive). 

This set of categj^ories is obviously useful in measuring manpower utilized 
in developing and producing alternate energy sources. /Will RD&D on solar ^ 
energy need more scientists and engineers than geothermal and in what numbers 
and what occupations? . 

2. Energy Stages : Includes activities ranging from exploration through 
extract-'on, conversion, distribut;ion, etc. As indicated previously, there 
can be conservation; research, development, and demonstration; environmental 
concerns, and basic science sujpport*^ applicable to any- of these stag^es. This 
set of energy categories is usef-ul primarily in determining what particular 
energy source will create neeSs for personnel ^nd for what types and what 
stage and time will such personnel be needed. (See Appendix A for the listing 
of energy stages.) / 

3. Energy Technologtes : These categorie's are almost without limit since 
they cojr'stitute the sum of problems requiring . solution, supply and utilization 
issues^ RD&D progression or the process of applying specific knowledge to 
energy goals. These technologies range through all* energy stages from en- 
hancedVcoal, oil,' and gas extraction; coal gasification (high, medium, and 
low BTU) ; methanol; 'fuel oil; solvent refining; LWR, HTGR, FBR fuel f^abri*- 

.catipn, and spent fuel processing; fuel cells; magnetic and laseij performance 
standards; coal sl^ ^ icy pipelines, crudj^ oil pipelines (thermal protection, 
continuous flow' problems) , in-situ coal gasification; power plant waste heat 
use systems; super-conducting power transmission, flywheel storage; ocean 
thermal gradients; hydrogen energy transmission ; etc. f f 

It would appear that enetgy RD&D manpower should be'aought and classified 
in terms of these 'tecKnologies in order to measure the impact which the develop 



men 



t and adoption of specific technologies would have. However, it ^s also 
recognized that there are in practice similar ne^eds for measurement of manpower 
ig terms of sources and energy stages. Appendix A iii^ludes the DOE budget and 
reporting classifications which indicate most of thesQ tecitinologies . 
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^' ' Present Energy clas sification of the Department of flnergy (DOE) : At this 
time, it, is not possible to state what types and how many energy data classi- 



fications wi^;. be acjopted by DOE. The agency is now being fomjed of several 
preceding. organizations nearly all of which had ^a.rious taxonomies established 
for dealing with their several data issues and problemsy^ Whatever taxonomies ' 
.or structures are adopted, it is important that the needs of the manpower 
assessment system be m^t as much as possible. Similarly, it is vital tha>t 
the classifi^p'^^iSVs embodied in the man^wer inf ormation_system be compatible | 
with those established for oth^r DOE uses. For an "internal" manpower and re-'; 
lated (RD&D expenditures) system to cover all intramural^ activities plus .^hose 
conducted in national laboratories and other government-owned, contractor- . 
operated facilities, and those conducted under direct DOE contract and grant 
support, it would appear that a standardized "program based" taxonomy would be 
Indicated. On the other- hand , manpower information obtained on non-DOE sup- 
ported energy RD&D .should be classified into energy categories compatible with , 
btdt no^ necessarily the same as the program-based system, nor in as fine detail. 
• . s At the time of the organization of the Department of Energy therfe was no 
\ single; standardized and established system for classifying energy activities. 
'^However, one. dominant system now accounts for all funds provided to and used 
I^X doe: This is the "budget and reporting classifications" taxonomy Set; up 
by' the Comptroller's Office at the time of the Departmental organizKion 
This taxonomy consists largely of ERDA categories which had^een developed ' 
over a period of many years starting in the days of the Atomic Energy Commission, 
supplemented by categories used by FEA, FPC," and other agencies joining DOE. ' . ' 
A truncated versionW the budget and reporting system is included in Appendix 
, A. |, . '. ■ ( . - ■ 

This."budget" system can be described generally as one covering all of ' 
the types mentioned above— sources, stages, and technologies —"plus several 

^^^'^':^^ii^^S^^^h^re are categories covering the several 'sources 
(coal, solar, fission, etc.), the several technologies (heating and cooling • 
demonst^ration, coal gasification, the several stages j(so([vent extraction, ad- 
vanced research and supporting technc^logy) , and categories covering the non- 
energy activities of ERDA (space applications, high energy physics, U-235 

productipn, development on current weapoijs requirements), as we'll as op reim- " 

bursable operations and expenditures for. capital equipment and construction. 
^Department pf Energy, Int^erim Management Directive . IMD 1105, September ^9, 1977. 
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Slsndlarly, the ERDA had classifications of its activities' embodied ia 
the budget cycle ~ line items presented to and acted on by Congress — such 
as conservat-ioh R&D, fossil energy development, or high energy physicg. This 
system is similar but i>ot the same as the budget 'and reporting classifications. 
See also Appendi^i A. Also ERDA had developed classifications set forth in . 
the '^Unif^rm Contractor Rep5rting Guidelines", which, though not fully adopted 
within the agency, had a set of general technology categories, including 
fossil fuels, solar, conservation, nuclear etc. ^Again, though not an agency 
standard, a classification structure for energy R&U was used in the agency- 
sponsored "Inventory of Energy R&D H^rojects" conducted by Oak Ridge National . 
Laboratories. (See also Appendix A.) 

ERDA also sa^ported a Technical Information Center at Oak Ridge which has 
developed an Energy Data Base (EDB) which iis a computerized bibliographic in- 
formation 3ystem. Information is classified into three general types: ^(1) 
devices, e.g. nuclear powe-f plants and advanced automotive propulsion systems; 
(2) energy sources ,'®e .g . petroleum and geo thermal energy; and (3) scientific 
disciplines, e.g. chemistry and physics. ' , . • 

Th^^Federal Energy Administration (FEA) also, previous to'merging into 

the DOE, had established ^ategor#ies of energy activities in the^ Federal Energy 
Information Locator Sysdtem (FEILS) under the National Energy Information Center 
(NEIC) . The system is primarily based on energy stages subsumed under - 
energy sources. For example, exploration, extractio*n, R&D, and other elements, 
under eoal; milling, storage, waste management, R&D, i and other elements under 
nuclear; and so forth. Also available from the NEIC is a capability of access 
to a series of descriptions of energy-rllated data bases, input forms, and out- 
put reports. (See also Appendix A.) - 

'Th6 above serves to confirm the lack of'a single, centralized, or compre- 
hensive system for classifying energy activities and/or those programs carried 
out by energy agencies. It is likely tHat the adoption of ' one or more central 
systems will be accomplished in the near future. The problems involved^ in 
merg^ing several Federal organizations with several rationales or philosophies 
will alone create difficulties in adopting standard systems or classifications. 
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iA system of relevant classifications is- needed nevertheless f or 'a ^SSifp&^r ' 
assessment activity. It would appear at this juncture that as a preliminary 
or temporary mea^sure that a taxonomy on energy activities for the manpower ' 
information. system should be based on the current budget and reporting class^ 
ficatioris.. . * 

\ ' ■ JT 

/D. CATEGORIES OF RELEVANT MANPOWER 

. . . ^ 

As indicated, the primary focus of the Comprehensive Energy Manpower 
Information System (CEMIS) is on manpower in ene^rgy research, development and 
demonstration act-ivities. However, , the ^current as well a^s future manpower 
supply-demand balances can bnly be examined in the context of manpower in 
all eyl^s of energy activities and in all acUvities^nd in all sectors 
of the economy. In the following enumeration we have indicated tke, several 
categories' which should be established in order to provide clearly for all 
possible segments of both the supply of and demand for those personnel re- 
quired for carrying out the Nation's energy RD&D programs.' These catego- 
rizatipns would al^so serve to define and delineate non RD&D areas of energy 
activities relevant to all possible areas^of concern to the Department of Energy, 
■ These categories are grouped in the three parts khown to ;distinguish the energy 
activities (RD&D and other) and the remainder o.f the economy . / However , the 
several categories would be regrouped for purpdses>of a particular data col- 
lection or in other way^s for special analyses. For example, for a survey 
covering STP employment in all activities of the Department of Energy, catego- 
;ries lA, IIA, IlIA would be grouped. 

Finally, it is of course not necessary that information be collected or 
analyzed in terms of all the categories, indicated This taxonomy is estab- 
.llshed to cojnplete the entiroc universe of personnel relevant to the assessment 
of manpower in energy RD&D activities : » . ^ 

1. Energy RD&D, Scientific and Technical Personnel (STP) 

a. Department of EnejT^y (DOE) intramural ■ ^ ' 

b. DOE: Governmp?ift-owned, Contractor-Operated .(GOCO's) and similar units ' 

c. Other, DOE contract and grant progifains - \ 



-d. Other Federal Government ' ' ' 

i. Intramural ^ ^ * . 

ii. Contxact - . - ' 
e. Other support (industry, ^universities, state government, e.tc.) 
Energy Activity that is not RD&D, e'.g. (U-235 production, weapons pro~ 
duction) • • 

an DOE intramural (STP) ; 
"^^s^DOE: coco's, an^ similar units (STjP) 

c. Other DOE co^ntract and grant programs (STP) - 

d. Other Federal CoVertfiifelqit (STP) 

i. Intramural ^ 

ii. Contract ^ 

e. Other support , (industry , universities , state government, etc.) CSTP) 
, f, Non-RD&D occupations in e^nergy industries (e.g., coal miners) 

3» In Energy RD&D Occupations (STP), but Not Working on Energy 

a. iDOE intramural in non-ertergy work, such as i^^apons R&D,^ high energy 
physics ,. ' 

b. boE: coco's,' and similar tinits in nonTenergy^'^rk 

c. Other DOE Contract and gr^Tnt programs (high energy physics, sp'ace 
nuclear) . ' \ 

d. All other employment , in all other sectors (chemical engineers in 
pharmaceuticals) 

E. OCCUPATIONAL CROUPS AND SPECIALTIES IN ENERGY RD&D 

^. «. ^ • ... 

• ■ 

In broad general terms, the manpower information system for' energy RD&D 
activities will be applicable primarily to, occupations requiring long and/or 
highly specific training. These include scientists, engineers, ^technicians , 
selected craftsmen, and certain ' other management or professional f ield^.- . 
Furth'i^ore, the occupations involved in energy RD&D are also found" in non- 
, energy programs, e.g. chemists, draftsmen, or boilermakers . However, even . 
within fairly detailed categories of occupations there ma^y be certain highly 
selective specialties which are required for the solution of unique energy 
RD&D problems. The subject of occupational dlass^ication has been intensively 
studied and developed, and different^conceptual approaches and informational 
needs have produced a drversity of thought^ and usage^^ v^iiri^e basic systems 
are currently in use, as well as* several ad hoc systems that for .the raost past 
are elements of the three basic systems. These are: 

' " . ■ , • . . •• ; ■ ■ •■, • S 
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r ^ 

1 . Dictionary of Occupational Titles (DOT)* ^ 

This. system was developed 'by the United States Employment Service (and 
its predecessors and S^ate affiliates) for the operational objective of 
,,<f*acing job applicants into jobs for Vhich ' they were, qualified . The class'i- 
[ ; fic4tion applies to jobs .potentially reportable by employers to the publiq 
employment service for filling by qualified job, applicants and to applicants 
whose work experience is described and classified . ' . 

The system permits<^classification of. jobs to a fine degree of detail on ' 
the basis of specific functions to be performed, the industrial and other 
location of the work, and the education, training and personal chayacteristics 
required of the Worker to perform 'th^ work.. The system delineates levels of 
progression in a job, from entry level to- that of highl'y skilled and sxr^er- . 
visory level. - The overriding objective of the c'lassifica^on is to* eipeS'te 
^ and imp_gve the function of job placement. Although other uses are recognized. 
, -- statistical aggVegation- fo*r ecorj^^c and social analysis and statistical 
analysis of historical trend ~ t^esfe functions are in practice subsidiary 
to the job placement function. DOI' usage iB encountered therefore mainly in 
operational sta'-tistics of the .public employment service, rather than in broad'; 
measures of employment. J _ ' « . = -j 

2. Census Occupational Class ification SysUemAA. ' - 

^ . 

This system relie^on t^e descriptive content job titles, given by ,re- 
^ spondents as well as their britef description of the work actually. -performed , . 
but -is geared to individual response by the worker and hence is subject' to 
the varieties in. conceptua], approach that individuals have to the de'signation 
of their jobs and to the imprecisions ih job labelling by workers "x^ho 'are ( •*. 
unconcerned with the interests "of classification. However, , the syatem is '' ^ 
primarily, designed to be statisti'call'y aggregated for current and "Historical 
socio-economic analysis, and consistency and uniformity in job classification 
is a major objective. - " • ; 

*Department of Labor, Employment and Training Administration, Dictionary of ^ 
Occupational Titles , Washingtbn, D'.C. 1977. - — [ 

**Department Of Commerce, B.ureau of the Census, 1970 Census of Population , 
Classified Index -^ f Industries and Occupation , Washington, D.C. .1971. 
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Even thougii the standard of work content is supposed to govern the classi- 

fication»'of the occupation, there is a strong presumption that respondents 

S vtind to upgrade their job titles in reportihg to the Census or Current Pop- 

ulation^Surv'^y . 'Or, for similar reasons the job i^tle may be given in terms 

of tl>e individual's vocational training'' or s,tatus , .gather than in terms of the 

work conteeji "of a, specific joU in which he is employed — especially/fn scien- 

* . ' ' '*■■ 

tlfic and engineering occupations '(NSF 14.) Studies by the Censuis Bureau have " 

shd\^ substantial imprecisions in occupational clas^f ication . However, errors 
and imprecisions in occupational classification ar^ by no means restricted - 
to the Census system or to responses by Individuals, and any judgment on 
Census occupational survey or def initional^problems needs to be made in the 
pragmatic context of a wide-range of difficulties af fee tang -al^l of the 
systems of occupational classification. . . ' 

• 3.^ Standard Qcgupational Classification System (SOC)^^ 

This system is being developed under the aegis (^f the Office of Manage-^ 
• men t and Budget to provide ^ single acceptable alternative to other sys'tems^^ 
' for statistical purposes by using the strongest elements of the DOT,, the 
Oensas, and other systems, and providing bridges for converting their termi- 
nologies or aggregating their subsidiary detail. It relies heavily on 
aggregation of the fine] detail of the DOT to classif ications^uitable for 

socio-economic anal^^s^ifs. These, summary categories are a,t *the same time ' 

- ' / , . ' * 

largely 'c(3ns3^stent with Census \iomenclatun^ . Extensive effort has been madh 

to achieve convertibility of the Ceti^s and DOT syste^s^itliin the SOC . The 
.SOS-at this point remains a system in draft f orm^ thatr is . still subject 
general adoption in the statistical system and the pragmatic test of use. 
. However, the careful work that has gone into making the SOC suitable for 
•'gepe:-al use as well as compatible with the other major systems Suggests that 
it may indeed b^ecome the Federal standard which was foreseen for it. 
4. Other Systems ^ . 

The^ National; Science Foundation's occupational classification is largely 
related to the Census (which, for scientists and engineers, is close to that 
of the DOT). It is, however, modified on an ad hoc basii for specj^al needs.. 
In terms *of emphasis, there is perhaps some predisposition for survey 



^^Executive Office 'of The President, Office of* Management and Budget, Standard 
Occupational Classification Manual ^ (Ptaf t) , Washington, D.C., 1976.^ 
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respondents to classify the vocation than to classify the content of the job- 
This.'involves the quite legitimate interest in the quality of the human resource,, 
including education and credenti-alling, rather than in the components .^f the 
work p^rform^d," Moreover, for some statistical purposes, this approach seems 
ta be -the mo^t practical, as for example the linkage of manpower demand (expressed 
in terms of expenditures by field of science)* to the manpower ; resource, (also ' 
described by field of science) , \ There appears to, be no' major incompatibility, 
however, in NSF survey ^ims^ which involve direct reporting on occupational 
employment.^ . 

The Bureau of "Labor Statistics (BLS), in its project to develop, ^nnual 
employment estimates of scientists, ^engineers, and technicians: for the. National 
Science Foundation, will provide selected occupational detail based" on those^ 
'used in its\Occupational Employment Survey, The occupations to be included ' 
are very closely aligned to those included in 'the Standard Occupational Classi- 
fication System (and are similar of course to those found In the^^ensus and 
DOT Systems) ; ' , - , . . " . 

' The National Research Council is ey en more concerned with the education 
and identification of ' the individual, and in their rosters, an^surveys of -Ph , D , 
scientists' the classification systems relate strongly to academic disciplines, - 
As n^^d^befVe, the major occuf)ational classification systems agree 
re than dif f eiyi^^Miheir classification of the scientists and engineers in- 
volved in erjj&^ RD&D , There are great differences in the classification of ' 
craftsmen and semi-skilled technicians, r 

It is believed that the SOC/will eventually become the'^ paramount system for 
^classifying energy occupations. Therefore, it is recommended that any modi- 
fj-cations made for the purpose of securing further detail or'for producing 
information for special needs' should explicitl}^ be made consistent ?with the 
SOC, . . " — - ' ' . 

First,- the generally accepted broad occupational categories of scientific, 
technical, and related personnel should be set forth. These are the occupa- , 
tipnal groups within which those working on energy RD&D and other energy 
activities ^are found. Then, the more exotic, detailed ,. or rare specialties, ^ . ^ 
unique to energy RD&D, can be delineated within these brpader- categorie^^. 
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The. following list of-^ve'ry broad occupations! groups, supplemetited by 
the more detailed lisjt shovm in Appendix A, covers all scientific and technical 
per^sonnel (including Lanagers) possib^ involved in energy RD&D activities. 
The list was construated after reviewing available \data sources containing. 

occupational detail and interviewing officials of ERDA (headquarters and * 

■ ■ ' ' ' \ ^ ■ . 

field) and other agencl^es . We sought to identify" occupations Or ^specialties 

involved in various energy RD&D programs, especially those specialties of a' 

new or unique character. We'wexe aided in this effort by a doctorate 

■■ ■' - ^ ' * ' \ ' 

scientist formerly involved^ in. energy R&D. \ 

;;• ■ < ' ; \: • ■ • 

Engineers and Scientists (including college professors and instructors) 

Engineers. 

Physical Scientists ' -^^^ ^ _ ■ f ■ . 

Mathematicians & Statisticians . 

Life Sc^ntists , \ ' u ' 

Social Scientists ' / *^ ^ 

Health Pirof essionai^s . ' • . - 

Architects . , 

, Technicians and Technologists 

; Administrators and Managers, Te^nical ^ • 
Skilled Craftsmen 

The atove list of occupations serves to illustrate the broader^ set 
of categories relevant to energy RD&D. Th4s isn't to s^y that this specific ^ 
set of categories would be used in all or any specific data collections. In 
some cases the list^ would be collapsed . and in others expanded in detail. In 
any case, it is inc^lusive of the STP occupational specialties* found to'some / 

degree in energy activities. . 

• ' ■ . • ■ • . , ■ ^. ' 

F.v ' FIELDS OF DEGREES AM) ENROLLMENT IN .HIGHER EDUCATION^ 

•t> The major souVce of supply for scientific and technical manpower is the 
Ration's system of Vi^^ersi'ties -and colleges. Tiie .categori*^ under which . 
students* are enrolled or under which degree^ are granted are the conventional 
fields of knowledg^e Ar instrtictiqnal programs used.by^most of these insti- 
tutions. Although such a classification is not . occupational dn *the sense of 



describing work activities, it is related to occupational categories, in 
designating the training usually associated, with given occupations,/especially 
the scientific and technical. ' The -education and training of the professional 
scientist or engineer encompass a wide range of subjects and techniques/ and < 
the field in which he is awarded a degrqe does not adequately describe- the * • 
breadth of education received.. This taxonomy is therefore only useful in 
roughly identifying the potential energy manpower supply from new degree 
recipients and academic enrollments leadirig.to degrees. ' 

For describing the characteristics of persons working, as scientists or ' 
engineers, academic degrees are also significant. < They show the level and 
■ kind of education received whether or not directly 'related to occupation.' \ 
Kecognizing that a person's field of academic degree and occupation are often 
different, employers still try first to recruit new workers from ^mong « 
similar academic degree holders. ^ ^\ • ' 

Academic degree classifications and fields of enrollment most generally 
in use are included''^ in the National Center for. Education Sta^tistics (NCES) 
sponsored ^'Taxonomy of Instructional Programs in .Higher EducatiOr*. 'V : (OE~50064, 
1970). This classification Is primarily intended to provide a framework for 
collection of degree and^ enrollment data from institutions of higher education. 
Intended for universal' Applications , fields of academic stu^ are relatively 
detailed with more th^n 300 fields grouped into 27 broad categories. 

/Other classifications of morriimited use include the one developed by 
t]:ie National Research Council (NRG) for the Docti^rate Records program and 
the system used for. the Nati5)nai Sample of Scientists and Engineers by Census/ 
NSF.^ 6oth relate primarily to science and engineering degrees. The former 
reflects a level of detail associated with its jse to classify research 
degrees. The National Sample system is less,,,^tailed than either the NCES 
or NRG classifications, but is more similar to th^ former in structure.. 
Although' similarities among^ai; three of these systems oililinumber the dis-^ r 
similarities, significant variations do. occur. - Occasion/lly - the mo^e . 
detaile^acaderryLc fields fall into different major g^r^upings. ^ • ' 
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'We believe that an abbreviated taxonomy compatible with and adapted frDm 

the NCES would be the most useful system for DOE use. in classifying fieids of 

academic .degree and higher education enrollment for energy RD&D manpower 

analysis purposes. « Most of the relevant data now follow the;NCES system. 

• .■ * • ' ' . ^ 

If additional detail were needed for particular surveys, this abbreviated 

"list caff be.expa«?ied to the NCES taj^onomy and necessary even finer detail 
can be added from .the NRC doctorate surveys. The following is ati example "to 
show how such a very .abbreviated system featuring energy manpower training and 
drawing heavily on the sciences and engineering might look. See Appendix 
A for the f^uller taxonomy,, a listing of technological and occupational cur- ' 
ri^ula (for awards below the baccalaureate) and the taxonomy for doctorates 
used by the National Research Council. . ' * , 

♦Taxonomy cf Fields of Academic Degrees and Enrollment ^ . , • ' 



Life Sciences 



Agriculture, including forestry and conservation^ 
Bacteriology « 
BioChemist;ry . 
Biophysics 
Botany - 

Radiobiology 

- .V . 

Other « . " ' 



Computer and information scipnces 

Engineering ' 
Chemical 

Petroleum ^ ^" „ 
'Civil 

/ Electrical and electronic 
Mechanical . 



-^^tis trial 
>I^tkllurgi9al 



Materials i.^ , 

Mining and minerals 
Engineering physics' 
Nuclear 

Other ' 



i Architecture 



Mathematics 
V- , ■ ^ Mathematics 
. ^ Statistics 
Other : 



Physdcal sciendes c^, ! . " . 

u ^Physics and* astronomy' ^ ^ ^ «' ' 

' Chemistry . : _ " . , ' . ^ 



Earth sciences (geo'logy/ etp.OL. 
Other ' . '-^ ' ^ 



Health professions \ » •■ " , ■ . ; 

'"Social sciences * . \ ^ . . ^ 

• ' ., ■■ . " \. . * ■ ' 

Economics . , • ^ - '5^F^' 

• Psychology ' ' . « ^ i 

■ , ' ■ Other , ^ " ^' . • ' , 

other academic subdivisions (education, ' business , arts, humanities, etc.) 
* ' Mechanical and enginigerlng technologies ■ ; \ . .. , ^ 

Natural science technologies * *^ ' ) ' ^ . 

~ : ■ — " . • — ^ , ■ ■ ■ • • ■ - ^ 

, D.^ta^ processing -.technologies 

" Health services- ana paramedical technologies • > ' 

y O^ther technologies and occupational curricula ^ ^ 

Ci''/- PHYSICAL LOCATIOl!^ OF ENERGY RESEARCH ,* DEVELOPMENT , AND DEMONSTRATlbN 



As indicat^^ ahove, energy RD&D or othfer related energy activities can ' . 

-^fe^'^^arried out ki a yariety of Ipcntions''. " \vThe moiffe obvious descriptor^- of 

- thi^ type include -political- subdivisions ' a"nd gfeouping^ of these^in.to sacio- 
' . ^ . ' ' .■ ^ . ■■ ■ • ' ■ ' • ' > ■■■ 

eccrh'omic areas. " Thus. BfiScP is undertaken in the various States and territories 
■ \«- * ■ • - ^ ' * ^ • ' • _ 

Cfor whit:h an obvious. 'taxonomy exists) and for cities, towns, etc and* also in 
. • * wha't 'ar.e termed Standard Metrqp(5litari Statistical Area^>.(SMSA'^ . The Matter ' 
* »et o^f categories is clea,rly' established in terms' of reporting o,f various socio.- 

• ■■ , ■ ■ . . • '•- V: . , 

^ . V:4"- • ■ . , • " -25' , " ,^ : t ,, , 
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economic, coinmorcia.L , and even scientlMc and technical data. Obviously, 
tljw CEMIS should utilize standard location categoric,^: States, counties, 
cAtiQS,^and SMSA's for such data-as a^e "required t , • , . 

^Lt may be possible that a future need. may develop data categories 
which refer to location of activity but for which- dif ferent trixonomies 
are desirable. These could include certain generic descriptors, such 
as on-ishore/coastal/off -shore; above ground/under^rougid ; foreign/domestic'; • ' ' 
laboratory/field; western/eastern/Alaskan ; and so forth. Develppment of 
such categories should await a more cle^^rly perceived need for them. 

' ^ 

H. "INDUSTRIAL LOCATION OF ENERGY RE^\RCTr7 DEVELOPMENT AND DEMONSTRATION 

Energy RD&D also can be charac teiMzed in terms of the specific industry 

in which « it takes place. For most informational purposes, the-^tandard 

Industrial ^Classification (SlC)^'f cotTing system (developed by. the Office of 

Management, and Budget) is used . The use of this standard 'system is im- 

^ pp4*tant since nearly all Industrial data are gathered and presented ^on this 

l|asis.* In this system, each establishment"^'^ is classified by its primary 

Activity in terms of sales, within a two-, t^iree-, or four-digit code, 

relating to the degree of industry' detail . . . ' 

, One of the first problems ' encountei:ed is to identify energy activities. 

^ ^. , 

Some activities are clearly "ene^rgy-related "i; this includes the basic indus- 

■ \ ' . , ■ ■ ■ 

tries th^'t extract fossil fu^lsj transport t^hem-, process them if nedessjary , 

- or convert them into electricity, ,and d^-stribute^the^ fuels or distribute 

electricity. Specifically a^list such as that developed by Folk and his 

' associates**- inclirdes such industries as: . - ' 

^Office of Management and Budget, '^.t^ndard Industrial Classification Manual , • 
Washington, D.e., 1972. - . 

. .an*economic unit, generally. at a single physical location, where busi- 
ness is conducted^ or .where services or industrial o'peratioh^ are performed...*' 
(factory, -mill, school, store, mine , laboratory , or central . administrative office) 

***Hugh Folk, et al . , Scientific -and Technical Personnel in Energy-Related 
Activities: Current Situation and Future Requirements , Center For Advanced 
"Computation, University of Illinois, Urbana-Champaign ill., July 1 , 1977, p. 4. 

t, ' ■ .... 
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a.Coal mining and associated services, SIC 11,12 

Petroleum and^natliral gds extraction', SIC 13 

Uranium mining and milling, SIC 1094 , ' • 

^ ' Petroleum refining, SIC 291 ' ' . . 

Products of petroleum, and coal n.e:c. (fuel briquettes, 
- \ coke, ett.), SIC 299 ' 

' Fissionable materials production, SIC 2819 (part) 

Coal^unit-train, SIC 4011 (part)' 

. Oil and slurry pipelines, SIC 4612, 4613 

Electric and gas utilities including gas pipelines-, SIC 491, 492, 493 

Steam sapply, including geothermal, SIC 496 ^ 

»■ 

Even in these industries some nori-energy related work (including RD&D) goes 
on: ^ in the petroleum refining industry, for example, research is conducted on 
chemical by-product uses of petifoleum, (On the qfther side, "qo^-energy" indus- 
tries may conduct energy-related research, as would be the case if the sawmill 
industry we/e studying the use o^ its waste products as fuel). 

It. is in identifying industries that contribute (purchases, technical ' 
support, etc.) to these basic energy industries that difficulties arise. The 
problem is in part a basic conceptual one of distinguishing some energy-refated 
activities from non-related activities , and in part a practical one of developing 
economic, informat ion following an appropriate definition. Furthermore, the RD&D 
activities of a firm are not deplo.yed in the same manner as its other activities. 
1 . Conceptual Pr6blems 

. One problem is presented by multi-purpose aspect RD&D that may have im- 
plications for 'energy and. also for other end-uses. For example, research on 
corrosion is required for advancing geothermal energy extraction, research 
on the propagation of wild^ grasses, is needed for rehabilitation of open-pit ' 
mining areas. When production is considered, it is possible to identify as 
eneygy-related .any industry more. than a certain percentage of whose product 
goes^ to basic energy industries. But there is no ^ay of measuring how much i 
one,pr another kind of RD&D contributes to energy and to other activiti'^s- ' • 
The interrelationships of science and the potential relevance of research 
in any* field jr subject to any other fie^^d — especially so broad a field as 
energy ~ is so well accepted that the point does not need to be labored. " 
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V -2. Practical Problems ' , i 

. * From a practical ^olnt of view the problem of definitions is fompoiyided 
because the statistics on product ion ) employment 9 shipments , sales , etc . , are 
compiled on the basis of company units or establishment units, and the units 
are often engaged in a variety, df activities of which energy-related ones are 
^ only a part. So in most economic statistics the energy-related* ac tivitie^^r 
not segregated from other.s. If a group of industries is identified as being 
"energy-related" on the basis that more than a certain prbportion of ,its - ' \ 
^ work is energy-related, regularl;/, published statistics on its production^ 
emplo^j^nt, etc, can be used' as a crude measure of activity and employment 
relatdd To energy, but it would* n^t be a true measure ,jof employmen^^r pro- 
duction in energy activities per g^^ since /it includes non-energy-rela^^./^: . 
activity, , ^ ' ^. / 

It S^s^ssible, to ask ^industrial firms or other employers for separate 
data on th^ir energy-related activities (this is done for example, in the ^ 
Census/Ni^F annual survey of I^D in industry),' Since the c«ff?cept of "energy- 
relatedV often is not clear-out,. different firms will give answers based on 
varying understanding!^ of the concept^ unless a clear fie^inition is given in 
the questionnaire. 

An an alternative to^^g^ting this information from employers, it can be 
asked of individuals, as in theNcase of the sample surveys of Ph.D,'s by the 
NRC, or the post-cefisal surveys of scientists and engineers by NSF/Census, 
While the official of an "^institution ~ company, university, etc, — has to 



assemble information' on ^itiploj^ees in terms of the projects they are worl^ing ^ ' 
on, the individual employee can more readily report, on his own "activity, given 
the same dfefinritioi* of "energy\related" trork, j ' " 

In developing a def inition Vof "energy-related" activity, a first recourse 
is: any project the DOE supports. But the DOE doe^ not regard every research 
project it supports as energy^elated , since it supports some jlSilitary appli^' 
cations and some basic science projects. With exceptions such as these, 
DOE c^n define its fields of energy interest and can collect jdata from its 
contractors 01* 'the., recipients of its support on th^ employment and costs 
associated with* it 3^ work. * , ^ ^ ' * ' 



• ^. there is a substantial amount of ener{;y-rela ted^llD&D, as well as produc- 

tion, operations, construcltion, etc., that is. not supported by DOE, but is 
conducted by private industry with its own funds, or by professors ^and, graduate 
.^stii^ents, either without project support or with fun^s from industrial firifisl 
foundations. State or local governn^hts , etc. In these cases, pollect^on^of 
data on energy-related research rpns into the conceptual and definitional 
/ problems mentioned above. ' . 

While RD&D activity cannot . easily be identified as energy-rel^ited on 
the basis of the industry or type of establishment in which it is conducted, 
^it is posj^le to identify, industries as more or les^ energy-related qn the ' 
/ basis of the relationship of their production to the energy economy — the 
\ propor!tions of their sales or product; that go', direct/y or indirectly^ into 
Vlea^Ay basic ene.rgy-rela ted industries . such as those listed above (those 
dVrectly producing, converting, and distributing energy). An input-output' " 
table for the U.Sn. economy, developed by the Department of Commerce, shows 
what proportion of each industry^'s outaput ^oes to every other industry.''^ 
This table^ and .records gf the materials purchased f-or, energy facilities con- 
struction, were used liy. Folk and'^his associates to identify a list of 29 
"indirect energy ind<istr ies"^N^^See Appendix A). The list includes some* 
^ndustri^ making equipment only a . small part- of which^'goes to energy in- ' - ' 
dustries, hit some of which is^ used by consumers, government and other 
business firriTT^or non-energy' uses . An example is the fabricated plate works 
(boiler shops) 'industry, which makes both equipment^or elec^ricity\g|eneration 
and tanks for storage of chemicals, gases, etc. In this exercise much depends 
on the^^evel of detail in which the input/output information is summarized.'^ 
A very sjnall part of some sections of . the machinery industry division's pro- 
duct goes to the oil, ^coal mining, petroleum ref ining and electric and gas 
utilities indust^^ds, but a larger proportion of^he output of specific 
component industries ,.TSUch as the turbint^^a^lJKsteam engine^ indO^ry, th^ : 
motors and generators industry, the oil fie^ machinery lindustry and the 
mining machinery industry, goes to these ene^to/-r elated industries, ^ 

^Department of Commerce, Bureau of Economic Analyses, Input/Oi^tput table of 
the U.S. Economy, 1971 , Staff Paper //28, March 1977 

*^^Folk^.,bp. cit. p. 5 f . ^ . • ' . 
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However ,^ for purposes of a manpower information 'system for c^nergy RD&D — 
for which the aim is ^o identify indUstiry sectors in which RDSD is being con- ' 
ducted on energy amKits generation, converi^^on and 'conservation — tl^ use of 
a list of industries that sell a "'substantial part of their products to the 
basic energy-producing and converting industries may miss some important * 
sectors. The list developed by Folk :jLncludes .^the screw machine products 
industry, for example, presumably because' it -sells to the basic energy 
industries, but it is reasonable to guess that not much research on energy 
gois on/ in that industry. On the other hand, the list omits some industries 
making energy-cohversion^or conservation prodb^s that are ^old, not to basic 
energy industries, but to consumers and to other industries, it is 

reasonable to believe that much of the research going on- in these industries 
is related to* egiergy conversion efficiency or energy conservation. Such in- 
^ustr^es include: mine i:al wool, SIC 3296; internal combustion -engines , n.e.c.,- 
516^3519; air conditioning and warm air heating equipment and commerical and 
industrial refrigeration. equipment , SIC 3585; storage batteries, SIC 3691;^ 
primary batteries, , wet and dry, SIC ^92;.vand all tran^or tation equipment, 
SIC 37 . * . . ' ' , * • 

To get a total Ric^t^^ige, of energy RD&D activity, sectors such as those 
listed^ above sHbtiid fee jMecL- to the - lis't';,of .'^direct, energy" ' industries^ 
developed by the Folk stu<ly . / • ' , * ' * • 

Another attempt to develop a list of energy-related industries usi^g 
input/output information was made by an ERDA-American Societ)^ for Engineering 
Education Task Fprce.* It included every industry, one percent or more of ^ 
whose output went directly or dndirectly to the^direct energy producing in- 
dustries — coal miniil%s crude petroleum and natural gas extraction, petroleum 
refinxng and electricr^ and gas uti'litifes. Tw^aty-two industries were included 

I ' y . ■ . • ■ ^ t . r ) - , ■ 

— a different ^list, than that devel^oped by Folk and his associates. Included 
are 'sucW industries a^s wholesale trade, bankihg, advertising, Jrailroads,' real 

*ERDA-ASEE Education And Training Task/Force for the Assistant Administrator 
for Institutional Relations, A Proposedv Plan for Education, and Training in 
Non-Nuclear Energy Technologies February 1977, pp. 87-89> 
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estate — not normally considered as energy industries pjs^^^cause they met the 

> one-percent, test. Also industries were, excluded that ' no3f sell to the basic 

, energy industries at all, but whose prodiScts S^r^ .involved irf energy conversion 

• by consumers ;^ this results in an incomplete and unuseafile list, particularly 

for RD&D acti-^^lties. (See' Appendix A.) 

In summary, it might be desirable to collect and analyze data on energy"'' 

RDdD (and even other energy activities) on ^he basis of the industry in'which 

such activity* is conducted. Nearly all ecorvomic data to which energy I^b&D ' 

activities (not supported by the Gover;nment/ pould be linked (production, 

shipments, employment, ^ales,* etc.) are gathered ancf maintained on an industry 

' ■ / ^ .1 ' ' 

basis and \i^ is categorized by the SIC codes. 'However, the principal activity, 

with which the Comprehensive Energy Manpower Information System is concerned is 

energy RD&D. From the discussion 

ceptual and practical difficulties exist in classifying industries as being 
energy-related for RD&D activities, beyond the basic energy industries shown^ 
above. , ^ 

Therefore, DOE may engage in data collection itself o^^^^upport Or utilize 
other sources which \nclude categorization by industry. However, there >a'ppears, 
to be no way to specify an industrial taxanomy for connection of data on energy 
RD&D, other than the basic energy industries . - 

^ ■ \ . ' ■ . ■ ' ■ 
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• RATIONALE AND ANALYTICAL FRAMEWORK 




INTRODUCTION ^ ^ 

^ ■ , . 

Xhe purpose of this chapter is to describe the ratibnale and analvtical 
Rework fo;: the t-ask identifying and evalua'ting manpower information 
[relevant to -energy RD&D , - and to show howslich infof-mation may be used in a 
systematiQ fashion to meet' the needs of DOE. ; , 

:^:y'^s. The chapt&r will first ^iscuss the supply of energy RD&D manpower, 
identifying the critical elements and the factors affecting them, the kinds 
f analyses that may have to be iiiade , ahd the data required for such analyses. 

It will then discuss the fiemand or requirements for energy RD&D man- 
pwer in thd game terms. ] ( ^• 



)wer : 



A third section will de^l^^-w/.th the measurement, of the balance of supply 
land demand . 
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MNPOt?ER SUPPLY SOURCES AND tOSSES 

f ■ 
Introduction 



1^ The supaly^ aspec^t of a manpower information system is cbncerned with 
the riiimber/S^-and characteristics of individuals engaged in the given activity 
^ plusVothers ^or future .engagement in the activity, includin^som'e 

who.wei^e^^^^^^^^ so engaged. The system should include information on the 

entfvy :ie:^'o^^^^ into the activity and the exit paths from^it, and the numbers of 
pei^sofe^^^^^ and le^ing, and -should include data on supply sources in 

/'preparatory ,t patterns of occupational mobility, and working condi- 

^'^i^s .that^;may affect these patterns. Within the sys tem, should be informa- 
tion on the current situation, as well as the basic, data which permit the 
assessment of probable future Situations under given assumptions, 

2 . The Manpower Supply Pool ^ . 

a. '^Numbers and Characteristics of Those P.resently Employed in Energy RD&D 

. i- ' By energy .sources ~ Energy RD&D programs d^Lffer from e,ach other ' 
in subject matter, method, finajicing and staffing characteristics. Further- 
more, the programs impact on different interest 'groups in quite different 



ways. Therefore, the system should' provide information on important discrete 
energy sources," such as coal, petroleum, solar, geothermal, etc. This will 
permit assessment o^ the several energy programs in terms of staffing progress 
and deployment of manpower resources, ~^ * ' ^ 

] ' ii. By occupations and industries - Energy activities aire carried \ou| 
^by worKers engaged in many different occupatiqma, and in numerous industries . 
Many of these occupat^ions are among those requiring the liighest levels of 
scientific and technical expertise, the attainment of which has traditionally 
invoj^ed a long period of educat'don and training. . For exampjj^^ , . the high, 
energy physicist engaged in fusion R&D Vill probably have academic training 
through 'the doctorate level, supplemented with several years experience and 
training in research. , Other specialized occupations may involve similar or 
shorter training periods, but RD&D energy activities in general usually re- 
quire mQre w9rkers possessing jSR skills of Hiigher leVels than most.^ther 
broad activities. ^Then, too, these occiipations range across a broad spec- 
trum of scientific (e.g. chemist, physicist, earth scierfTist , . etc . ) , tech- 
nical (most, ^^f not all, engineering and technician fields) and craft (e.g. 
construction, mining, "manufacturirfg, et<p.) skills^ 

Similar energy' activities of interest are located in a number of 
j^^stripes, which inclii'de such disparate locations as generation and trans-s 
mission of power at public utilitiesV^nup^ar Research at universities and 
associated research institutes, or pilot plant construction for oil shale 
processing. Furthermore, the nature o& DOE interest in given RD&D establish- 
ments will vary depending on DOE's administrative responsibility for .them. ^ 

The DOE, since it is cha'rged with ov^.p<Lght of specific energy programs, 
in order to note present and anticipate future production problems, must be 
aware of vthe nature arid deployment ovi manpower resources as well as^^^^fergy 
output. Education and; training facilities must be considered with -a^ view 
to the current manpower pool as.. well/ as anticipated manpower demand . TJhe ' 



cjb^plex occupational and industrial /mixes rtn energy RD&D imply training 
programs featuring bdth breadth ana specialization. • " 

' ^ • / 

iii. By personal characterjfetic s - Such personal characteristics of 
the energy manpower pbol as age,irs6{kj: and minority origins are important 



elements of the information system,, ^ ^ 

The^aver^ge age of the work force, for. example, provides insights into ' 
the balance between the younger (presumably less experienced) and the older 
(more experienced) groups.. Such information provides clues as to what types 
^of training to encourage, emerj^ing retirement problems, and recruitment 
poli'cies." / . k> ^ 

The. emergence new patterns and policies applying to labor force parti- 
.cipation by women places an' importance on separat* information by sex. Women 
.re ah increasing proportion of marty work forces, anproacMng 40 percent nation 
ally. As addition.1 personnel resources, their participation ^is encouraged; 
Since they are\ characterized by dis/imilar' work history patterl, separate in- 
formation on their participation is desirable. • 

With the growing commitment to a national polipyof equal employment ' 
opportunity, it becomes necessary that information be available *on- minority 
groups for nationally important industries, and particularly for activities 
subject to the decree of public scrutiny and control as energy. Currently, 
separate information om^ t^ currency employed is needed for seich minority 
groups as blacks, persons^^f Spanish origin, Asians and American Indians. 

, iv- Education and training Probably the most useful indicators of 

education and tra:ining requirements^ for the ;energy workforce are those 

*^ . 

which show the, types of -training possessed" by those currently engaged in the 
activity. \This infbrmat ion identifies the training of workers who' at"e able to 
perform t^e\work, and supervisors are likely to seek new workers with the same 
training. Education and trainin'g programs for new workers are usually patterned 
after, the^xpe^ience of present workers, although workforce flexibility readily 
makes 2£or exceptions. ' - , \ v 

. Information element^ relate to the type of institution providii^ training, 
and the occupational -nature, length, an^ recency of training. For ^higher ,duca-- 
tion recipients, h-ighest degre.es attained ^e useful indicators and are par- 
ticularly important for PD&D actit^ities. 

V. Location - Altbrffigh 'energy activities are of the highest national 
^importance in the aggregate! many of ^them are performed essentially as" local 
or regional industries, as for example, geothermal exploration or solar 



energy development. Summary national manpower data should be supplemented 
by regional and, in many instances, ^tate data for 'at Teast those states 
where important installations are located. The broad responsibilities of. 
/^OE aire administered along regional lines, and so^ne energy activities^, are 
regulated b*y state agencies* • ^ 

\ , 

b. ^ Other Qualified Manpower^Supply ♦ - ,y , . 

Although some specialized skills may be unique to energy RD&D, few,N 
if any, occupations are f ound^exclusively in such activities. Ratheir,' 
these occupations form part of larger universes, and exist in many activi- 
ties arfS industries. ^ For example, of 38,800- chemistry doctorates included in 
a National Research Council survey in 1975 only 7 percent vere engaged in 
energy R&D and 36 percent in all R&D. Doctoral engineers engaged in energy 
R&D form a somewhat larger, proportion of the doctoral engineers engaged in 
R&D (NRC 2)/ 

Those in scientific and technical occupations not currently involved in 
energy activities may be considered, in a sense, to constitute a labor re- 
vser've, an unknown part of which could become part of the 'energy workforce 
under certain conditions a^d incentives. Within each such group, will be 
found some individuals qualified fon intmediate emplo.ymentH.n energy , Mothers 
with few of the required qualifications, and various gradations in^ejtween. 
Effective use of such a supply is liiflited by considerations of training ^d 
retraining, the location of employment opportunities, current work activi- 
ties of this reserve, workijig conditions, and incentives necessary to re- 
channel workers into diffei^nt activities; 

The implication for the^^anp"qwer information system is that the system 
should provide information on thi'^reserve f^zff^tT least those occupations 
':^;^^:^-J^^^^)4^^'^y -^^ short supply. Th^^Asifoj^^ should be - sufficient to make 

a; judgment on the feasibility of recruitment . to energy employment if needed. 
De^ir,abl^ information for this group includes ocicupational qualifications;, 
type, length, and recency of training; current work activities; and location. 

3 . Education and Training Relating to Manpower Supply .r ' - . 

^a. Institutions and Types of Training in Target Occupations ' 

Important to the understanding of manpower supply for a given activity', 

' ' '. / ' • 

* References in parentheses are to sources listed in Appendiix B. 
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is information on the process^^y; which the supply is created^- in other words,' 
;the' educat'ioji and tr/ining system; which • ins tills the occupational and other 
skills necessary to fuiiction effectively. Such informatioi( includes types 
of training institutions, locations \ their curr teulums , and : the extent to 
which their students successfully adap^t to the work demands of the real 



world. ^ 

■ \ 



For en^gy activities, especially Rb&Dv institut ionsTd! higher educS- ' 
tion are particularly important for the' prof essional scientific/and technical 
-ttaininf provided. Graduate schools award advanced degrees, and engineering 
schools most. of the technical degrees. Technical institutes Ip'an important 
source of science and engineering technicians, as are cotnmunity colleges. 

T^de and technical secondary schools also provide training for techni- 

cians and craftsmen, frequently as thV basis for more ad van cecj^ subsequent : - 

training. Numerous other, generally less structured, traiu^' opportunities 

exist in, the forms of apprenticeship, industrial on-therjob, arTne:d';forc^^^^^ 

etc. Most -frequently these provide training for craftsmen a^d vfechni-^ \ / " ; 

cians, . ■ ' ■ ^--f:. -y^r-^j^kS^-r^-^. 

.-. v v'>f.■•%■Sfe•• 

Since, for the most part, education and training of this character are'" 

not without cost to the recipient, the costs incurred are relevant informa-- 

tion for supply considerations. In the sam^w^)/^-^^^^^^^ 

and other incentives f or' a ^ par ticular type;;^Dj^:lr^;in 

consideration for supply, 



1 

b. Enrollments and Completions' 



\ 



The potential augmentation of, =the manpower supply'' is, mfe^ 
.flow of students through the training process for thpse Occupations which 
are normally re-cruited from those sources. \ \ 

. vFor the professionally trained scientists and efiglneey , degrees granted ' 
by the universities and colleges at the several levels in Lkence and engi- 
rfeering ! measure commitment ,to science or ' engineer ing occupalions progressively 
ae higher degrees are receive^. Enrollments in simifar curriculums indicate - 
possible future supply increases after adjusting for academic attrition. " 
Science and* engineering occupations of interest" to energy Activities tend to 
emerge'^from a relatively small number of academic curriculums, such as nuclear* 



electrical and electronic, petroleum,' chemical ehgineerimg, and the physical 
sciences.^ One of the tasks of the - manpower specialis^ will Ve the identl- 
fica,ti6n of curriculums whi'ch^re especially productive in training for 

*work in energy. . ' » * 

Information on completions and enrollments for trade and technical 
secondary school^ v -apprenticeships , industrial, armed forces, and other train- 
ing IS less satisfactory as an indlca^c^r of potential supply on a broad national 
or regional .basis and also much less complete, but may be usefpl in given local 

^situations. Training quality varies greatly, and content is sometimes highly 
specialized to develop workers for specific job^. 

c. Projections of Future Enrollments and Completions^ 

In assessing the prospectiv^^ supply in the occ.ijf^tions involved in ene_r 



' RD&D to meet future demand or requirements, projections of the inflow into ^ 

these occupations from 35ucation and training programs are needed. 

The National Center foV Education Statistics publishes projections of 

total college enrollments and degrees, and of degrees by field "bf study, 

' ■ , ' . y< ,* ■ 

typically for about 10 years into the future.^ The NCES defines these as 

projections based on expected changes in the population^ of college age (all , 

of whom have already been born" at the time the' projection is made), and on 

recent trends in enrollment /ates, retention rat^, and the choices of course 

of study that s'^'uclents have made. They ar^ mathematical extrapolations of 

trends, not forecasts or predictions, |he NCES says. They may be described 

by saying this is what is likely to happeh if people keep on doing what they 

havQ been doing and nothing happens to make, th^$%change their behavior. 

■ In reality, 'things do happen: the attitudes'of youth toward going . to 

college and towards the kinds of work they want to do, or' the subj.ects they 

want to study, do change. Among the factors that affe^ct these attitudes are 

not only social changes, and changes in life styles, but also economic changes, 

^ rises or declines in the business cycle arid unemployment, the growtV or decline 

"oT^i^us tries, changes, .and shortages or ove'rsupplies in certain occupations. 



* Departmeiit of Health, Education, and Welfare, National Center for Educa- 
tion Rt^t is tics , Proje^tJ^^ ^CtS 77-402, 
.WaslWnjgton, 1977. ^ \' - 
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. .which are reflected in the attractiveness o"f salaries paid. Students 
. rs^ct to these influences, partly on the basis of information from the 
V>government or other sources on the' employment outlook, .'^n fact , such 

infc^rmation is issued expressly to help young people to avoid overcrowded' 
■ fields and enter those with better employment opportunities. 

The NCES projections may turn out to be pqor 'as ^fedictions , but' they 
, serve an_impor tan t purpose: taken together with projections of require- ' 
I ments for workers- in each occupation, they -illustrate what would happen if 
\students did. not bhange tlieir past patterns^& enrollment or course selec-^ 
' tilon -- shortages would' occur in certain occ{ipati^TTS> oversupply in .'others,. 

and a rough balance between gradu^es and job oppoTf tunities in still ^fthers.. 
^On the ]5asis of this information, two kinds ofadjustments may be made: 
students may shift their courses, of study, and employers may adjust .their - 
empioyment policies, insofar as- they have flexibility, to use more\ workers 
in the, occupations, that ma^ be in oversupply^-- and therefore cheaper to . 
fempi-oy -- and fewer workers. in the shortage 'occupations . An accurate esti- 
mate of actual demand and supply in the future year would therefore reflect 
both these types of adjustments. 

Projections of. graduations, are also'made by organizations othei- than< 
NCES -- the National' Science "Foundation, for^all levels and fields of scien- 
tific dnd technical education, and some of the. professional societies for 
members of their own fields. . ' 



d. Train-ing Attrition , >- 

The.^uccess of .the training institution -- and of the trainee lii 'com- 
pleting^ ,an assigned curriculum — ref lectsSrhe ' ef fectiveness^of the training; 
process in augmenting the manpower supply.. Npring'ily, about half, of , the 
students enrolling in fobr year, engineering cu/riculums fail to- complete ^^m. , 
Ofher shorter training programs may not be, much more 'successful. ' 

The moral for manpower supply, information is that it is necessary to- ^ " 
adjust for the loss in)the training system in order ;n,o1: to overestimate ^ , r 
po-tential supply,' Information on attrition should be sought for occupations " 
which are likely to' present critical 'supi>ly problems.. ' V ' \ '< 
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J\. Work Force Mobility and Attrition ' tv, ' ^ . q 

♦ . , • ' . * J. " • " . . . ■ ■» 

:a',-^ Immigration and Emigration ■ ■ s/, ' ; *^ 

V Traditionally, the domestic work f6r€.^ h^&? breen greatly expanded" ^t" 
all levels x>f skill by immigrants, mainly- from Eurppe and Africa; and 



\nbw. miny . Iri'om A^^ iegal -resiric^ions nc^ limit the ' numbers 

i.x)f .dnmHgra'^ts ^^^^ numbers encourage immigration of occupational 

^skills f oundr.in -''shcj^trci^ within our couf^^y. "/Although ; unlikely t6;te- 

. jsfvj^r\nomje a tfiajc^'p ^sQur.cfe^'or~^upply fo^r^energ^ manpower ?iti the near future,' inrnii- 
p:^^\^^y '^^^^?^'^ ^^"^^"^^^^^/^"^^^ ^J^^^"^^^^^ may be ]imf)ortant. in selected RD&D 

(^^tipat:|.g ImmjLgTjant visa inf ormatioT:! ndw' provides occupational data. 

• power ' pool or /unknown pro t)c 

' nificant iijoppr-,tioi> b'f^^^^ many of. whom return to 

' •« i \ ' . ■ T • ■ ' f ' V^- ^ " ' 

their nailve Iknds* on cothplqtion o.f ''- trdinltig/ With the development of 



f \ * S^im4;Si^^iy^^|iigra manpower 'represents a lo^s 'td the man~ 

• power ' pooi of^nknoTO . Foreigii Citizens now constitute a ^ig*- 



.3. 



foreign and in^ierhationai Kene.rgjf.^^^ of pro^tessionally 

<^ trained p^r^onn^l-:^Tn^|^/:/t;;e^ ' • No .satisfactory mea^uremei^f s now, 
" exists a-lthough \p^&:tia be developed through* t-he 

records of otTier \covihtrid^ thatVi^nillfy. the U.S. as the country of origin 
ttiej.r immigrant&. ' 



, - V./ • AncTther Impov i^hrrt Ae^^teitaih^rTtyoi^ in -an occupation is 

^ * '/'^ the exterior ;to which^ig53H<^t^^^^T^^ other occupations for a plus, 

»" or i^ove^ <;V i^. tfe fbf, a-minus. Such movements are. 

chafact*gfl^|Bj^^^ ou^- s^st^^ -in contrast .with more struc- 

^ turfed ^sys terns" ^"in some ^oreagn " countries . " -Suth'THobility may'^ In response 
*. t-^' to, t<he labor market , ^industrxM^»-^^i^41t;ibri,^^^^^ 

' Mob Jlity;wi,'th r^'sp.e^t tor energ^Ttta^p^ov^ a J^roader definition 

of -movement into alid pbt "of an .aifeti^i-vitLjA^ sinc/e \f wo4ild regard as a loss . to 
' ' ''• !- ' the energy' manpower p^ol , for ^^^|6ple^/;t}i€^^ng^ who moved frota=' develd|5ing 



a bituminous^ coal mine t 



- ./-in the same occupation, but lA'a 



6 s imilat^ infi iron ore ;mi.R i n e r t o be emp lo-y e d 
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fg^. activity,. -A 



c. Age-sex Composition of the Supply ^ 

The age distribution of the work force may prc^Vdde clues as to future 
loss through retirement and deaths. Since the patterns of labor force par- 
ticipation are different for males and females,; separate' distribjutions are 
desirable. A comparison of such age-sex work ^o^^e distributions with life 
tabled for the population and retirement tables for. occupations pay reveal 
manpower supplwlosses indicated for the future. > ' 

■ • 

5,. Working Conditions Affecting Supply . 

Working conditions affect labor supply^ through encouraging workers. 



toward activities considered attractive and away from thos^e believed 'less 
attractive. In a competitive marke t , si tuat ion , workers- wi^ll seek employ- 

i . * ^ , \ ■ 

ment where ^he sum total ofvwages, fringe benefits, hours oV work, and 
, considered superior* to the competition,.'* High labor 

p^^f^ati^otl-r dissatisfaction with worlrTng conditions./- 

T.hose ri^sponsible for energy programs shQuld 'be familiar, with such indica- 
to^rs-^xjf^condit ions as noted below. ^* . . 

a. - Salaries and- Wages 



The labor supply concept implies a level of compensation ~ wages and 
salaries^ — for a given occupation, industry C^r activity. In economic 
terms, the supply is the amount of a godd (labor) tiffered at a g\Lven price ^ 
(wage). Wage levels can be said to be the most ifrrportant determinant of 
the size of the supply. ' • • . . 

Useful wage information includes occupational averages for fenergy 
activities which will permit comparisons with competitive activities. . Wage 
data are Usually expressed in terms of hourly or weekly averages" for pro- • " 
duction and clerical workers and monthly or annual averages for professional 
and semi-professional. -Sometime^ entry wage rates are more significant^ than 
averages, since the most mobile workers are likely to be the youngest and 
those coming out of school and^hoosing their first jobs. . 

b. Labor Turnover . ' ' 7 

The measurement of entrances into anik'^^lts- from the employed labor 



supply, or^ laboryturnover, are usually expressed in tenns\)f hires and > 
separation^, calcUlated. as percentages of the number employed. Such 
labor turnover data provide 'measures by'which suc.cess in at; trac ting , main- . . • 
taining or re'duci'ng. the work force may be judged. To the extent that workers 
l^ave the l^bor force or move to non-energy activities, turnover measures. 
,.net loss to the manpower pool. . . • 

f ^ .. ■ ^ ^ '■ ' ■ ' ■ 

c. Industrial Hazards _ \ 

Workers, who have long been 'aware of the diseas^es and 'acciden t^ asso- 
elated with industrial .operations , and the public, 'who have more recently 
become aware -of them, are now joined to eliminate and alleviate them. High . 
injury frec^^ency rates serve both to discourage workers from entering 
hazardous activities an4 to increase compensatory costs. Remedial programs 
in large part depend upon analysis of the exten t yand .causes of such ^iseas^a^y 
arid accident^. / " » ' 

d. ' Industrial Unfest \ ■ ^ ' 

The infarmation sys'tem requires elements which will bring, to the attention 
of management, such symptoms of industrial unrest as lab,or ^r^evances, dis.~ 
^putes, work stoppagej^and the like. Such conflicts reduce the effectiveness^ 
of t;jie -labor supply in the same- fashion as a loss of wotkers . F-inally, 
progress of unionization and collective bar^ai^ing provisions in energy and - , 
related activities are useful indicators^ of probably future trends of admfl!f- " * 
istrative value.' . . ^ 



C. DEMAND. OR REQUIREMENTS FOR MANPOWER ' ^\ _ 

The concept of " requirements is* used instead of that of demand, especially^ 
in conpection with assessment- of the f u tjjre^j Requirements defined as effec- 
tive demand associated with expected, stipulated or -assumed changes in the 
major fac tors, af feet ing demand , and pnder the assumption of no substantial 
, change ^in , the relative price of- labor , — wage^.'or salaries. The actual demand 
at a future time can only be estimated at a second stage of approximation, - . 
'aft.er the prospective requirements and supply have been estimated and com- 
pared; if there ie an imbalance, its effect on salaries can be estimated' 
and the secondary*^f f ec t. of such salary chan>^e$ on botli^demand and supply 
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evaluated; ' . ^ ^ ' ' 

This section will review ttie factors affecting requirements for 
energy RD&D ij^hnpower , ancT^^gges t^anal^^tical approaches to tTieir measure-^ 
ment, understanding and use in assessTnent of present and fu^ture require- ^ 
ments. The major factors are government' programs , policies and'budgets 
^ffect3ing enes^y RD&D, the demand generated by the economic activity of 
thoi industries or other sectors employing energy RD6^D workers, changes 
ip energy economics, and demand for teachers. 

It should be emphasized at the outset th^t research is conceptually 
one of the most, difficult of economic activities to project^ for the future 
This difficulty 'arises out of the role of research as the forerunner of 
technological innovation . In making econ'omic projections, we generally 
rely on the. p^^istence of pattern in economic life. Families buy auto- 
mobiles, so rh^grbwth in population and in income levels 'c'an be used to 
estimate the number, of automobiles sold; making automobiles requires, 
machinists,, assemblers,- engineer s , 'and so on.. But an activity whose , 
runction is to, break past patterns by discovering new products or new 
technologies, and one in which breakthroughs open new avenues for further 
research and development cannot easily be projected, in spite of the many 

attempts to systematize "technology forecasting." At best, one can see 

i f ^ 

whether an industry or company has a persistent pattern ot. allocating 
furids or resources to R&D — a stable percentage of sales or employment 
and, finding this, onej'mh^y assume a continuation . pf this pattern."^' Bu 
^th^^ exact nature of the R&p whether ir/ energy or in other fields — may 
shift 'with the scientific breakthroughs And with economic changes that 
change the pay-off prospects of diffterent areas' qf research . 

1- Government Plans., Policies and Budgets for Energy RD&D ^ 

Plans and. policies both on energy production and on energy RD&D affect 
the requirements for energy" RD&D manpower, since they both* give' direction 
to efforts in private industry. Government funding 6f energy RD&D has a 
direct impact. / ' / ^ • 

■ S . ■ - ■ ■ ■ - 

National .Science Foundation, 1985 R&D Funding Projections , NSF 76-314, 
Washington, 1976. . ' ' 




-r xans ana poii c les • on energy generally include controls, pricing, 
imports, extraction,. -pollution control, ^tcV, — *b11 of which have iinpli-_ 
cations for energy p&D in private industry /*" In- theory , these a^e supposed 
to be explicitly stated in P.residential energy programs>^'K such programs 
as the national plan for>energy self-sufficiency. Th6 implications of 
different ^energy Scenarios' or policy choices on relative prices, taxes" - 
and other costs of doing business have to be 'analysed in the context of 
the changing general ecjonomy, and their effects on the growth of production' 
and employment in the various sectors estimated The terms in which they 
are stated will. need to be translated into terms meaningful for ^manpower 
requirements analysis: i.e'. , the implications ' of policies will have to be. 
quantified -ultimately in terms of .the numbers and kinds, of energy RD&D 
personnel required in each sector of the economy or energy technology in 
f which they are employed. " " | 

Plans and policies on energy RD&D /directly affect energy RD&D person- 
nel. Proposed expenditures have to be tr'anslated into the kinds of^person- 
^el needed, by occupation or specialty. To do this, it is necessary to. ' ^ 
have ratios of employment, by occupation, to dollars spen/^r RD&D 'on each 
■ type of energy source or technology (since the kinds of iccupat^ions differ, 
depending on -the technology), and^lso for .research separately from develop 
ment and demonstration projects, (since the proportion gf costs' represented 
by manpower, as well as th^ mix of occupational skills, may differ) . Current 
;or. recent past ratios are not necessarily a firm guide to future manpower 
requirements,, since the future direction of R&D may be different from that ^of 
the past — particularly if , br-eakthroughs .occur that open up new areas of 
research and technology; but trends' in these ratios may be a gogd starting 
point for projections.- * . . 

-^he. requirements, for energy RD&D manpowet in National Laboratories 
and Energy Research Centers and the r^uirements of contractors and 
Vgrantees, including industry, universities, and nonpr-ofit research organize- " 
tions, can be projected from estimates of' energy RD&D budgets for each ty^pe 
of .energy technology or by type of operation (e.g., national laboratory 
- ^^^^^^ contract research), gorng\-£is . far into the future as forward budget 
planning permits/ • . - '^^ 
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■ 2- The Le^^TVf Economic Wtiyi ty of the Industries or Other Sectors 
Employing rasrgy - RD&D gtanpower ' ~ [ — ' — ' 

The lev^l o^businees a^tiyity, profitability, decisions -about futWe 
■ investment, ancT mangem^nt ' s perceptions about, the. value, and pay-off of con- 
;ducting RD&D all affect the employment of energy RD&D personnel in each ' 
sector of the economy. ' • ' 

/ ■ ■ 

In industrial sectors, curre.n^ demand for their product is shpw^i by 
industrial production or ac t ivi ty measures , and prospective demaiTcA'can be 
estimat&4^fe^variety of ' techniques such as those used by the Bureau of 
Labor Statistic in its economic, growth studies/' "These include' projec- ' 
^ tions of tfie growth:.qf.GNP.and'its composition, proje.ction bf the, final 
^ demand for each type of prodnct or. service associated with this general 
economic, growth, and estimation of the production generated in each sector 
of the economy, 'u^^t^he. Department of Co'mmerce input/output tables, or 
.tnultiple regression analysis. Other econometric .mddels may als6 be used 
, to project specific industry demS^d associated with assumed rates of general 
.,ec6nomic growth or changes irt specific, sectors (e . g . , MIT-FRB, Wharton, ' 
Brookings). study CMrrently fu^rta)by the, U ! S . , Depar tmen t .of Labor, Itill 
in process, --is. at tempting to^analyze /the use of the major eqonometric models 
.to. forecast the impact on labor d(4and of various energy policies'.*" 

Decisions about future in^stment are; based in part oh ..such projections 
of dorpand. Management's percep tions about the pay-off of-.R^b are related 
•;to thes. factors, but also, to the changes in energy economics discussed below 
-Government ^support of RD&D is also, geared to some extent to projections of 
final demand forproducts and resulting requirements for expansion of exist- 
ing* resources or development of new^ones. 

/ The connections between changes in demand 'for products and RD&D expendi-' 
tures - generally and in each sector - have to be explor:ed by examining how 

* The most recent pi^.o jectiofis are summarized in articles in the Mdnthiv 
Labor Rev iew for March 1976 CnnA T ■> i ^ . ^ m ,^ Monthly 

__ . ■ . iidLLu iy/.D ipp^j-21) and November 1976 (pp. 3-22) 

Study by Albert ..J. Eckstein and Dale ^l^4^gisn^un^ contract to the U S 
Department of Labor, Office of Research ancToI^S^^^eH , 'for "A Review ' 
and Analysis of Econometric Models^^^^^^U . S . Ecolnomylwi th Particular 
Refe-rence to the Impact of Ena^ Policie^n Labor Depland and Employ- 
ment . ' . .. ' ^ ' ^ ^ 




J the two relate' to each other over the years^ This requires statistical 
series on dollar volume of *produc^(,ion or sales and profit rates in the. 

Tjvarious industries and on.RD&D expenditures by the industraes,. In vi^w 

'^f the rising costs' of energy, RD6/D effort on energy efficiency or con- 
seryaticm may be increased regardless of changes in demand, production or 

"profitability; i.e., the relationships shown b^ past experience cou 
change. Similarly, the sources of ene-rgy use<^ in various" iadustries* 
could change as a result of chaiTging'relatiy.e costs. ^ 

' The effe<:ts of changes in RD^\^xpendi tures upon errtployment of R 

. personnel may be estimated by developing ratios of employment . to RD&D ex 
penditure dollars. The trend in these raPtios over^ time wj.ll be affected" 
both by rising salary levels and by- the cnangi;:^g cqst composition o^. the^ 
RD&D. act ivi ty that goes on: use of^if fering ajjriounts af personnel ,•• equip-i 
ment^ materials or other factors in research will Vffect these r/tiog. To 
get insight pn these trends requires analysis of the RD&D^udgets and em- 

, ployiuent of dif ferent" sec tors of industry. At educational institutions,- 

governiaent labs, and non-prof it/' institutions RD&D is carried out either on 
■ grants or contracts' or is self-Tunded, partly in the sa'laries of faculty=^ 
members. and university funds. for assistantships. To estimate this tvoe of 
demand, data are needed on R1>&D expenditures, and manpower in such in^itu-X 
tions, and on* the future amounts and direction's of Federal support for / 
Energy RD&D in such institutions, as ffoted b<^-ow^»' - • . 

' ' ^n some cases it may be possible to collect projections of manpower 

Requirements or RD&D ' activity , from employing institutMns directly, rather 
than by estimating RI>&D expenditures- The exper iencj^JfuSf' this kind^^of , 
forecasting — asking employers fc/r their forecast^ of manpower needs or 
RD&D ^expend! tures ;j — has not b%en encouraging in the past, but may be* ^ 
necessary where no data on expenditures or manpower csan be obtained. 

3. Changes in Energy Economics ' > 

, ■ - ■ • ^ " ^ i 

Beyond what goes on in individual industries, demand or requirements • 

for energy RD&U funding anjdL^npower are affected' by the^ ^relationships. 

among energy sources, ijicluding local , national and world supplies, prices 

and technologies affecting the use^ efficiency, and costs of Qach energy 
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source and competition among them. "^These deyelopmerits affect the areas in 
- yhich RD&D is done — or, at least that . part , of. RD&D i^hich is notbasic re- 
search — and its direction and emphasis. ' •" . • v 

Efficiency and costs of each source,- as wel-l as adaptability to various 
uses, pollution -considerations' and. strategic considerations (e.g., desire 
for self-sufficiency) relatfve to those for other sources are major detet- 
^ minants of the competitiveness of each source. for energy generation' and use. 
Thd ability to -assess or forecast changes affecting competitiveness, therar 
fore, requires the ability to assess the economic viability of each source' '{ 
and foreshadows decisions to initiate RD&D acj^ivity designed to make them 
more competitive . ■ » , ■ ^ ' 

f- J ■ - ' ■ •' ' 

\,y -Prifces and efficiency may change with a wide variety of factors— inter- 
national relations ,^ national policies, the extent of control by monopolies 
or cartels, war, catastrophes, discoveries^ of n^w fossil fuel reserves tech-^ 
inn9vaeion,^relative prices, changing demand, et^^ 
■ In view of . all these uncertainties, ' forecasting »is difficult. To develop 

strategies 'for RD&D planning^-- which determines, manpower 't^uirements — it 
is essentia; to have at all tlii»s a ^provisional assessLnt of t.rertds in rela-' 
tive costs of using various energy sources ,. sub ject to frequent revision. ' 
Such rough assessment! may be useful ^in decision-making in cases where the - 
.. cost differences >mpng sources^ are large and decisive, j^ut less useful when 
the, cost differentials are small, and , small e?rors or chknges in costs may 
affect the balance. ' 

\- ' ' ' ' ■• 

, The effects of these energy economic - factors can b^ translated^ in^o 
manpower implications only through the ' intermediary analysis o.f- their- effects 
upoh. economic-^activity and RD&D expenditures 'in each^ the ' various economic 
sector's in which energy RD&D per,sonnel a:;e employed. ' ^ 

■; Thus,- the assessment of future requirements for energy RD&D manpower 
-. woulcf- require a series of -studies^^^he business (or level of operations) 
^nd RD&D activity 4t each sector o?\he econ^omy as affected by^all relevant 
developments in energy ecoijg-fJiics, as well as in demand'' for ' th^ t5^^cts "of ' 
several sectors. . ' \ '' *' " 



A. • Demand in the^Educatiorfal System for Teach ers ' ' ' 

.^/h^e^d -for training eng.lneers, scientist;^, ahd . t^chhicians genera tef ^ 
a requirement for teachers -specializing Hn each subject* fiVd. . ' 
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Theoretically, teacher requirements- in each disciplii^ ar,e a function 
of the . total numbers of students- that have to be trained in each relevaat 
occupation to 'meet the economy's total needs for trained' workers. Prac- 
acaliy, it doesn't work out that way, for several reasons. One is, that 
lift • the training df each type of specialist , teachers in more than that 
specialty are YequTred — flhysicist^s are taught by chemists and mathema- • 
ticia^is as well a^ by> physicists ' (not to fnention professors in the humani- 
. ties) A second reason is, that, in fact, the educational' system is not 
'planned on the' basis of occupational training requirements alone, but also 
as a provider of a consumption good - education.^ 

The aggregate manpower requirements for future energy RD&D specialists 
have to -be examined to see if. they place any special burden on the educa- 
tional system. Other tfian this, the educational system's requirements for 
the various; specialties can be estimated on the basis of ap expected volume 
of enrollments • (graduate and undergra^ate) in the institutions. These re- 
quirements have ^^to^^^ added to the total requirements for these occupations 
yrgenerated 'by industry and govemipent. . ' - 

The teachers at institutions ' of higher education also engage 'in re- , , 
search, of cours^e. For that researc,h done on grants or research conttacts, 
data on the funds provided -and their employment impact are needed, as noted - 
above in the discussion of government budgets for energy ' Rfe&D . 

5. ' Summarization of Requirements for Energy RD&D Personnel ? 

" ~ " ■ .-^ 7^- — — ^ ^ ., 

^. Current and future needs f or energ}^ -RD&D manpower have to be estimated 
6y analysis of the ma^^jj^wer^ requirements of employing sectors resulting 
from* their own business activity and RD&D investment (or, ±n\ the case of 
colleges, eji r oilmen ts), as these are.^ffected by the changing economics of ; 
■ energy , ^nd^bj^^, go vei;n men t policies and programs;.'^ . f 

^ " This 'will require developing a picture of total^, energy RD^D'^expenditures 
including:, government, industry, *univer-sities ahd .research organization-^, by 
energy *^source'^nd /or technology, since this affects* *:he ouicup^tions required. 



o\ccupatioi^ 
enditures by 



'It 'will be^necessary to develop time series on RD&fi expenditures by areas of 
research (i.e., energy pr_j^^h»n,ical field) th^t^cap be translated into occupy 
tions, source J^unding-, . and type of institution .(-or igdustry se^^tor)* in 



which the work is done. These -series can then be related to series on em- 
ployment of the manpower invol^d. by pccupatLonal specialty; it would then 
be possible to develop estimated ratios of expenditures to personnel that 
i,70uld enable projections of manpower requirement^^^o-^ made on the basis 
.of RD&D. expenditure, projections. I^f there were enough consistent" data over 
a period of years, it might be possible to; observe a changirrg'occupational 
composition of RD&D manpower ir? certain types of research, possibly reflect- 
ing chari^e~-in the direction of research, oV 'progress from research t o ' ' 
development to' demonstration. ; , " \ , ' ' ' 

For these energy RD&D occupations, the balance of supply and demand 
cannot b^ assessed unless demand arising from other kinds of employment i^ ■ 
also estimated. What is required, therefore, is a comprehensive estimate 
of the manpower requirements for these occupations in all sectors of the 
economy>-Tt-T.hich members of these occupations are emp^yed . ' . 

critical issue is whether some sulj-specialties;, engaged in eniF^y 
RD&D ar^ unique J^bng the' Ij^roader^^pecial ties;, .or >he%\,:. Members of the-' ,• 
broader' spec j.a;^es are, in reality able to engage in, or We hired foV, . ' ' 
energy RD&D work. I^or planning the manpower system, therefore , i't becomes 
important to itfen'tlTy. energy RD'&D si^ecialties at the outset ,\,as 'was "done 
in Chapter II and in Appendix A. ' ... / ; \ 

D. '.MEASURING.THE BALANfij: OF SUPPLY ANJ)' DEMAND '"^ ' ' - '• 

Indica-tion of the current: and past market situation in each occ|pation - 
t^e* balance pf supply and demand - be'comes important in analysis of 'present 
policy issues, de terminat i'on of the existence of bottlenecks or problem areas 
■and in. making decisions bearing on future measures to 'affect ei ther 'demaT^d or 
sopply-- f orn^Vgy RD&a ^or in general. ' Such indications may be gained from 
trends in relative salaries, the^ease or difficulty experienced ^y workers in 
getting jobs, and by employers in hir-ing, unemploymept , waAt-ads ,%uit rates, 
immigration, and employment service^Opetatitlg statistics. The point fto. he 
Emphasized is 'that ehergy RD&D manpo^r -^upply/demknd" must .be- analysed in ; .;:' 
the context of the whole supplf /demand' situation .for each Wcupat ion involved 
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Re la t i veo . Salay i e s . ' . * 

i^Veiein;^^^^ for energyjj^RD&D^^pecialties the cost of 

nbloyihg? tKi^^ — ^i.e. , salaries in their occupations relative to 



enr 

those .iji ; other occupations . Data on tren^ in relative salaries are -re 
quired, -and also analysis of the wage" elasticity of demand — do employers ) 
substitute .one ^specialty for another Ctechnicians for engineers, fpr example) 
when relative salaries make it attractive, or are occupat'^dnal' mixes 
relativ^Ay stable* regardless of relative salaries? ' - 



• Relative salaries are also an important element .affecting the supply 
of • energy*RD&D personnel,, since wortcers are attracted ir)td^ and away frotti . 
occupations 6i;* fiej.ds of employment by relative salaries and other conditions 
of employirient . ■ " ( ' 

In de-O-eloping sucTi ^s tatis tics the concept of relative salaries is^ imror 
tant. Inflation makes^ current-dollar figures less useful- for comparison over 
time, and the salaries are^ best expressed as ^a relative to some broad aver- 
age, such as that fpr all" employed persons. .The relatives , for each occupa-^, 
tion can thei^ be compared to those for any other occupations, an^ comparisons 
can'^als^ be, made for an occupation fcTr different time periods. A. narrower 
average, such as ttjat^or all, prof essiona.1 workers, might be deceptive be- ^ 
cause' the whole group o^, professional occupations might be affected by simi- 
lar market conditions. If both engineers^ and technicians* salaries are . ' 
expressed as , i-f?latives to average salaries for all wbrkers, each relative 
may be compared to the^ other./ - ^ ' ' 

Because of rigidities ip salary §;?ructure within, organizations, it 

mieht be better to use entrance salaries, if available, °as the basis for 
' . . -i* * ^ . 

compaiji^^s, since they ate more sensitive t<^ market^ forces / , v 

• " - "'^ ^ ' ' ' ' ■ * • ^ 

* . . ■ ^ . • •* ^ 

.2 . Other Indicators * ' 

The eaae or diffi-culty in getting Jobs is ind ilea ted by the placement 
exper^nca of-new graduates and the earnings, they recej-ve^. It is also, 
shown by statistics on the unemployment rate and the average duration ot 
unemploymejjt . ^ y ' - ^ ^ ^ . , 



Help-w^ted .advertising has been shown by the Conferenc'e Board to be 
a fairly>go^d general indicator of f luc^tuations in deinai^d, as shown by *' 
cprcelation with unemployment and job vacancy statistics. 
jS ■ Immigration- and emigration data might reflect very "favorable or very 
unfavorable employment oJgortunities and. demand in the United States, Vela'- 
tive to those in various other countries. 

Difficulty in, hiring -qualified Workers is shown by data bearing on the 
• ^experience of employers 'in finding workers, and on .job vacancies. Job 
^pjLacement;, services, opera ted by professional-societies, frequently, in connec- 
^^i^n' w^; their annual meetings, are some C^es^ a source of useful inf g^pua.-...., ' 
tion on the^relative members- o^ job-seekers ' and job offers; many employed 
^ members of these professions use the services to seek better jobs , so .not ^ 
all the registrants are jjnemployed. ' . - ' • ' ' 
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ELEMENTS OF A tOMPREHENSIVE 
MANPOWER -DATA \SYSTEM: EVALUATlbN! 
• OF EXISTING^ DATA SOURCES • 1 

AND' PROPOSAL? F^R IMPROVJMINTS 



A. GENERAL INTRODUCTION - ' ' \ * •/ 



V The previous chapter pointecl to the kinds of inforrmation that have to^ 

' 'b^ takeri into -account ..in assessing currerft and prospective manpower situa- . 

tions and evaluatingv problems in energy. researcKr^evel6pirffent and Memonstra^. 

tion, programs, T^is^ chapter will review the available sburces for each "of 

these kinds of inf orfnation/will evaluate the^sef ulness of each -source ^ ' 

for doe's purposes,' and will make recoiranendatlons of twp kinds to specify 

' ^^?^f- ^■'■^"^^^^^ ^ comprehensive manpowq^r data system: - what ch'anges in 

exxstxng so.urces v^uld make fhem more useful to DOE,- and what new^^urveys ' 

or organized sources of -data are needed to meet DOE'^s needs; 

. The general viewpoint on which this chapter is' based' is' that, the 

tablishment of the information system will face practical operating di,ffi- 

/ • culties 'i^^ta collection, partly a result of normal resistance tVnew 

^ reporting and partly arising from new and unique data specifications. We \ 

believe thes.e difficulties can be minimized and reporting burdqu^educed 

. 'DOE uses reasonable;, diligence to take' existing' manpower • ' ' 

information systems sp, far as possible. The recommended ^ystem' follqwV ' 

the premise- that many of the -established series can he adapted with some 

..' ' . , ' ■ ' 

addition or revision to meet .DOE needs without undue violence 'to other ' 

. ' , . ( . \ ■ . . 

purposes served r ^ V 

, In generaT, we considei: that DOE resources would better be empl^pyed " 
in. developing analytical expertise rather .than in organizing a large sta- 
tistics collecting program for energy manpower^ but ihat- it should exert 
■ an acjiive influence o^.the statisticaL collection program^' now going ori, ' ■ 
to make- sure that^ they meet DOE/s in.foVmatlbnal needs. This can be done 
; by .repxeseutation to ttfe agencies engageS in* surveys, to the NSF,^ whicfi- is 
.the focal ageincy for "sc^ience manpower statistics and 'to the Office of 




statistical Policy and '^Standards of* "the Department of Commerce. .It will 

V also require some fiUancjlal Support to make possibTe additigii^l work re- 

i' ^ \ . ^ ' . ' 

quired to meet DOE needs. ) ^ . 

To accomplish these necessary chai^jges in ongoing statistical pifo- ^ 

grams, DOE- will need, in addition to the* persuasive powers oft its staff, 

r^info^'ced by willingness to 'provide fltiancial supp^t^n s^^e cases, 

the baqking of an intera^^cy body whose 'recommendations will be- respect^ed'. 

DOE^should consider how i)est: I to ^achi^se Xi\A 



This chapter is organized in terms of the following' generaT^subjects : 

" / It ' ' . » . ' "<> ■ • ■ . 

employment,, employee characteristxcs and related data;* training. and educa- 
tion; and RD&D expenditures^ Thfe individual sources oh each snabject a're re- 
viewed, specific re'commendations made 6i> some of them, and t;hen the present 
coverage of the subject is eyal.uated in general^ . and . recommendations made^^. 
for filling^ major gaps by new- surveys or data* collection systems. ' ^ 

Each source is moVe fully described in Appjendix.B, ' »Dat a Soured s . 
,Relevant ta Energy Research, Development, and DemonstratiSii Manpower." -in 
that Appendix the *sourfces are arranged ' generally by the agency or organiza- 
tion tihat publishes the data, and refer^ces in • parentheseX in Chapter^ 
IV and V reter to jjihls Appei^dix 'B e . g / (NSF -4) (bLS-2), .etc. . , 



B.. SOURCES .ON teMPLOYMENT , CHARACTERISTICS AND RELATED DATA. ^ • 
1 . Employment an Employee Characteristics ^ * ■ , ' ■* 



Introduction 



; (Sgurces ofv(^ta on^^s^^oym^t in en-ergy related activities ar^^TTtrmer- 

-'oUs- and . diverse . Some of., the >sOut*ces are elements of well-established 

systems, otners are new or vone-tinre . /Both Government and private agencies 

prodAioe data- serie^ Within Government^ data collectors include both A. 

Statistical agencies and agencies "primarily concerned with substantive^ . 

program' management . In^some cases, data are collected from individuals, 

in others from employing e'Stablishments . . . . ) 

His'torically,^the'' interest in energ^^felnpioyment'' is a recentj^one,'. 
* rjH, ^, ^ ^ " . ■ • ^ ' ' ^ V . , 

paralleling^ tho^oncern for thf "ad'equacy of ene^y supplies, and ncj"com-->. 



prehensiVe consistent body of employment data has yet' developed * A f dw 



.4 



\ ^ series specificai;Ly mea^u^^su(:rK a parf of a largeV' ' 

.tptal. or *as a- defined segment (jf-^the' energy universe In most cases ^. how- 
ever, » energy ^mplGyiTient 'is ^^iiklly Kto be included dn a. total which • doSs noV 

■ distinguish, between enetg^ an^^^^athery^emplojrment . -Accprcjingly ; the ^ourc.e^ ; " 
"cited below 'include "many wh-^cH^are to>rovi<ie a base .from^whjcb^ 

X/ enexgj^ emp;|:oyirt>nt may be est\^%tedV; (S^.e'^^'^^^ for further descrip-' /X' 

''^ion";of :s^^r•c^^ • ^ |. j---^ 4 » ' / ; >■ .f;. " ' • 

. ' ^^'^I^M^H^^'rate^^ ize rpughiy organized • S©. as to proceed -1x61^1^^-. ^^/ 

, ;j:hose-^jiRr€^|pMn^ broadest specific data on energy em*pl(>i5mjerxt^tt3 'th^ ' 

in i^ictivsuc^ir^ be derived: '01^ inferred from grosser tot^^i^.'^J^""' 

^ ""Irt terms -of, jtheJindustry/secto-rs Te^^ those d^ta •soy-rces / 

lEoui: cover; ai^]i! g.fec tors ^ are^n-tp;^% or.' predominantly , priJC^te .>andus,try 

^ two represent ^'^he Feflera^I, Government , " two otWrs- priifiary bOE contractors,^*' 
and'th^ fiiliai f^our a.^^Tniscellany .of -sectors. . ^ ' - 




b. .:..Datar S.oujjii^s , 

. • '-n-. . Jla-b tonal ,^|t(ple of ScientigtS; attd EnglR|eers (NSF 15) provides 
J --^biennially d^t^a, derived frpm sample sur^G^ys 'ofy^cientists- and engineers^ 

repprted ';fe the 1970 Census of Population. 'Such a^ survey , cpndupte'd by • the 
. CensOs bureau, and .funded' by NSF, -was last; CQndycted' ^--1976, whert sample' 'd^t a- ' 
/\ .^-were coHe.c^^'^e^irepxesenting.aboii^ 960 ,X%0 . scientific /and t£ch^ personnel ' 

\ • ■ ' . f . . . V • \ > ^ \ . . - */ * - - ■ . ^ » . 

' - ,.jLd^ntified i)^' the. 1 9 70 jLabot forcer . ^- . > : . . 

, . ^ Data. coll^Qted , in-cluded ia15o^-. fpr^e ■ status :^(employed ,' u^ \^ 

■ not in labor; for9m.)._o^^^ indu^'t^y ^ salary ^ and cffSxIcteristics^. , \ 

such as^age, s^jif,- education^^and training, principal work activity /i^clud-,^' ' 
^ ing R'&D)., ' and^ whether engaged^in.yimpbrtant- national prbgramsT'C- .Some ' \ 
115,000. rqppr1;^d "^^^^ t^o '*^nergy .and fuel''-' 

" This source>pr6vides our mp.st :CompVehensive- series of* data f or angi- > , 

. .... ... ^: . V . y. . 



neers and scfei5'ti^ts.'engag.ed in en^ergy ^a^t iyi ties • Data collected on indi 

■ viduals- permit, maxiijium flexibility tor ^mploymeB^distri!)utions by occupa- 

, tion, worl^ activity /.industry , and selected personal characteris-tics . The. 

_Jhistorical series provides -c^ontinuityifro^^^^ and this, national sample ' 

provides p-erepective in relating en-ergy employment to t)tfe'er acti^ties ' 
« . ■ . ■ ■ ■ d • ► ■ ' ' » , ■ « ' ■ 

- ^ engaging 'scientists and engineers. * ' .<> ,/. ' • - , - / 



ERIC 



IV - ;'3- 



Useful tliough the series is, it has serJWua. defects , The sample 

includes .only those in the 1970 Census with qbaQi^WV.ations as scientists 

' . • • . < 

or engineers; omiss^ion of any new entrants incsn .^leae occupations since 

the 19/0 Census count is a deL'icie^ncy which grows>^s/ljihis hase date re- 
cedes 'in time. Plans to supplement the original 1970. sample with new 
entrant!, Jiave not' beciH entirely satlafai;:^ry . rfnly pro^f easibnally quali- 
^^^ti^d scientists and engineers are included\j£/the current sample, which 
thus lacks representation of technicians ,, clerical , production, and other 
workers. ' * ' " - , 

The present "Energy and fuel" classificat-iori of . employment is not 
adequate when the use of the .information depend^ upon lyfiowing whether the 
worker is engaged in coal, petroleum, solar, e tc . ; no^ ' ^;i^nf ormat ion 
aval lab 1*0 for regions or iStates^ Self-reporting makps'' for problems of 
data comparability, especially f or^occupatiofi-related information. ^Sample* 
supplementation to correct the downward bias which results from the- sample 
being based on labbr fprte 'participation in 19^70 still leaves some ques- 

. • # V ■ ^ . 

txon prTfepresentatiyeness of the current survey results. 

Several improvements '^can be made in this source which will greatly 
improve usefulness for^n^gy manpower analysis. The sample should 'be 
supplemented with repres&ritai'tion/'ofijjnew entrants -into science and engineer- 
ing occupations -since' the decenqj|^^cens,us count in 1970. -Such new en- 
trants come not (:inly from^ecent^ graduate's in jl'cience and engineering, but 
also from other newly, college' trained persons, t^hnicians,, npngraduates , 
and other occupations. Sourcas of ' sach information on' new 'entrants include 
the universitiefs^and tech]j^^ .institutes,, professional societies, sample 
household^ surveys, and employer.s . Exper imenta^^^llow-up surveys of recent 
engineering and science Mft^^uates , spon-sored by NS^ should, be supple- 
mented by reccu'rse to th'^^rrent P.dpul^tidn Su'rve>} sample which could be 
expanded. to produce* gross: es timates . ' A ouseful sample*^ extensiorf to teth-: ^ 
niclans may i>dt be feasible until the. sample .sel«^ction -^f elbowing the i980' 
census ^but should ^be explored^' By adding an item to t^e periodic follow- 
up surveys, much useful information can be secured oa t^e of energy for 
thojie engaged' in these activities. ' ' . 



Recommendations ; ^ The National -Sample should be supplemented by 
representation, of scientists and engineers entering the labpr force since 
1970; similarly, technicians should be included in^he^fiample as soon as 
feasible, certainly by 1980, Biennial surv(?ys">hould collect information 
^on* ipvolvement' by type of energy activity, 

. . 11.' Slurvey ol Doctoral Scientis t^'and 'Engineers (NRC 2), conducted 
^biennially by thb National Research Council wilh Government support, samples 
the. doctoral degree holders included in the Roster of Doctoral Scientists 
and Engineers. In 1975, this universe included about 278,000 doctoriftes, , 
substantially all recipients of Ph.D degrees from American universities 
-who were professionally active in this country' at that time, /informat] 
available from thd^ source includes field* ancj year of degree^ type of 



:ion 
em- 



ployer, work activity, salary, and involvem/nt 'in national programs such- 
■as energy, environmental pollution and control, national defense, etc. It 
is unique as a source'for place of birth, race, citizenship, ethnic group,- 
education and Government support. The 1975 survey reports 21,000 doctorates 
of f total of 263,000 empl^pd, a significant part of whose professional 
■ time ^ involved work on energy, programs. A 1977 update is now in process^ 
and new data should be available by the end of the- year.v' 4 

This source- contributes imp;^r tantly to our information i5n doctoral 
.scientists and engineers ,. l^refe numbers ' of whom ^re engaged in R&D and other 
^acii-^iti-es relating . to en^^j programs . ! 'Survey coverage and techniques are 
excell,ent,'and tke Rost.er, of^Doctoralv Scientists' and Engineers . affords a 
contini4ing data resource for further statistical, inquiry. The biennial 
samjJles permit assessment of employment on energy prog^rams in- relation to ;/ 
to.ta]>,and' competitive . employments for thergroup^ covered.- 

s RestVictibn of survey coverage to do^cfj^afes of course ''limits usefui- 
ness for estimating total or , R&D empioyment on energy progr^s . Nor does 
this series Tiow^ provid^e inf orma^tion^by . type of indjjstrial employmen^]^ or . 
source of .energy, which seriously limi t'' usefuiness 'for eriergy manpower » ' , 
analysis . . : * , \ ' 

Aijding type of .energy invoivp^TT]ent* and improved ^industrial classifica- 
tion^for^ the pr iv^ tQ\ sec'^tor items to^the biennial survQ^yrs will greatly 



..enHl^ce the value of this, source . Further, this , source should be looked 

"to as. a' vehicle whic^^^^c^ be utilized: either „ta.collect vSupplementary 

energy manpower information or fo^r specialized surveys , especially for R&D 
personnel. , i \ * ■ 

Recommendations : DOE should propose ad(y.tions to the biennial surveys 
''to permit classif ioation of data by type of energy activities and by Standard 

'Industrial Classification for the private sector.. DOE' should entourage the, 
use of thje^doc^toral file to serve as ^ source of specialized data on doc- 

• torates- involved in energy RD&D. :, ' " - * ^ . 

[ j iii,. Industrial Employment of Scigntis ts-'afyd Engineer^ ^SF II) was 
a one-tim^ sample survey conducted in- 1.97S' by the Censias Bureau with NSF 
fundinj5w/^ *The survey found 1,250,000 scientists , engineers , and technicians • 
"woAing in private i'tYdus try" ' and classified them in some 15 fields of 

^" ( ' ■ • ^ ♦ ■^ V- " ■ 

science, 9 of engineering^,, andr-5 of technicians. Data/colleQ.ted included 
numbers employed on energy and energy 'R&I) by energy sources, work activity^, 
highest degree* held, and'.,octiipat ions/ Some industry detail is also avail- 
able . . ^-^ - ^ , V = . ' %^ - 

• * - r ■ ■ . • - 

. The survey wa6 perhaps ambitious in attempting to secure a- compre->i 

hensive distribution o'f scientifvic and technicfal employment' in private ind 

try by occupations, work activity and involvement in national programs. It 

does represent a useful first effort for measuring a difficult and complex 

entity. In, addition tp substantive information provided by the "survey,, 

experience with th« techniques used will be useful' in guiding futui^e 'Surv?y;< 

work. Information of this type will , be needed from industry, and sugg^^^tit) 

for obtaining it are proposed at the end of this section. 

Respondent's reported difficulty in extractingv some of the d•esired^' 
. ■ ' ■ ^ ' ! ■ - . ]> 
formation from their records, and^ the overall response rate was/'a relat L-\te^ 

low 69 percent. Some industries and occupations wer^ particularly subject 

to large sample and reporting errors . . . * 

.> ^ . • .. ' 

'^iv. Occupational Employment in Nuclear or Nuclear Related Ener 
. . ■ * ■ , y ~ •* . / 

Act;ivities (ERDA 5) conducted by the Bureau of Labor ,^at 'is tics' an d/f funde^ 

by DOE, covers'both the Gjovernment'^Owned , Contractor-CTperated (GOCCUt ^'nd^. 

private-establishments engaged in nucleiar-rela^'ted energy activities . 



us- 




Separate employnjent data are provided by Qccupation groups; GOCO and pri- 
vate establishments; 'and industrial activities, such as R&D, power, 'weapons 
development, production, and^ design and engineering of nuclear facilities. 



The survey presents pnnual data from 1968 t6a975 ;and will become biennial • 
with the 1,977 collection. / • - , . ^ 

Coverage of .nuclear energy activities ^in the GOCO and pri/vate sectors 
is substantially complete, with 1-8,8,000 employee.s^^ (90,000 in GOCO 's) reported 
' in 1975, including som^ . 2-0 occupational categories . The series is unique . i.^ 
for energy data in continuity over a 10~year 'period . ^Tn spite of -Sef ici(Ri~ 
cies note^d below, this source is the ipo^st complete/f any energy actdvityV-, 

'Excluded from coverap;e is nuclear energy emplo^l^fit in government'' at 
arj .levels, universities, construction, uranium^ mining, and medical ins ti- 
tutions. With the exception of ..welders witb nuclear certification, skilied ^ 
craftsmen are not separately reported. ' ' . x ' ■ * 

" ^ - Recommendation :. ;lt -is proposed below th/t t'he iHiformation provid^^-by 
this survey be^include^d-l^ W of*^D0E contra^^s. 



V. . Su^rvey of Fed^&ral>lntramural Pejf ormance In—JStvet^y -^fr^ Funds 



• and Manpower 1973-75; Projections to 1977 and 1979 (NaF* 3^5 \As. a one-time 
^survey conducted by NSF and directed to- all''' Federal agenci(^ and installa- 
tions, which .reported intramural expenditures for energy R&dVi* the Federal' 
Funds; Survey XXI^J . .A similar col.Jlctibn was made for Fed'gra^y Funded' 
tesearch and Dey^opment reenters (FFRDC's)'. Employment data included 
.^;]^'ntists,^ engine^^, 'and technicia^is working on enei^gy^^-^t^r^inYW^i , 1974' - 



75 with projections" to r977 and l^/'g'. (Also see '(discussion oT tH is. sc^ 



uiider R&D- funding . ) . ' ' . - y-^'''^ /\•^'K^^^- 

This SQurce is unusual^ in several respects ^XVluding emf)loyjf|^t-j^^^^ 
jections, detail by 11 energy program ar^as such,. Sfe coal ; nuclear fl^ion/, 
\.6olar, ^tc , and expenditures for energy R&D..' Tftis ^b^5Z^ 'fef pb'rteS 
8,000 scientists and engineers and 5,50.0 technicians 'employed, in energy ' 
R&D in the p'RDC ''s, , and- 2 ,000 sciefitists anM engineers and 70Q tefehnicians 
•so employed *->.in Federal intramural installations in^l975/- Employment jcan he-. 
.related to R&D funding' and to. type of energy/ For these $^ tablishments', 
-it is possible td compare total employment of scgLentific and technical staff 



\ 



with total R&D and energy R&D ..staff. 
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Data .are limited to the agencies and installations an d"^ the FFRDC's \ 
reporting energy'R&D funding in the 1975^Fedieral budget. Althoyg^h Federal V 
funding is substantial,' direct etnployment is not large, ""and the Federal 
. -segment of energy en\ployment is relatively small. Agencies reported diffi- 
ctdlties with reporting concepts and definitions^ and data consistency is 
questionable. At, the time Bf reporting, onl>/. the 1973 data J^e final 
, 30 that estimates were necess^y for othel: years. The current value of ^ 
* ^^'^^^ta^i^is limited in view of^ the sweeping changes; in energy 'activities 
^'ince 1973. - .. ^ . 

^i- Contractor Employment' and Turnover (EI^A '2)'^'is]ap0g- survey con--^' 
ducted semi-annually covering approximately 6fl GOCOv'facj/ which 
some .90,000 are employed. Oata cjol3recPe4' iticlude emp !^\^btoad 
occojpational; category, (i . e . j^rof essional , technician, etc.) sex^ and 
minorities. EmplQymentffvSeparatio^s by Eype , ^accessions", and promotions ^ 
for;, each pccupational group are , pro'yidecl . 



,A This data 



Dujrce , 



tal^'en yith- otn^r contractor . reports on hours worked. 



^* earnings, indu'strial relations, etc provides the -post detailed employ- 
ment data generally available on any en^xg^^.:- program . ' It is particularly 
useful, in evaluation of contractor practiW with' respect to minorities -^p; 
emplo^Ttient . / \ ' 

The detailed labor 'turnover data<go weJI^^yoTi^d that^which seems l.^-^ 
desirable and feasible for a broadet based survey which might, collect data 
from facilities less dir^qtlK-^Sublgczt t^^^^^^ funding and regulation. 



It* does, represent, hp.^i^eyep,.- th^ type, o'fv^irift^atio©, wh^^^ controlled 



energy programs may' ^-ekipegf ed\ bo.^ sis^pply to ^a^slifrpthat Gjovfernment funds 
and facilities are utilized , in .^atcor'd with it's'^pbllcTi^ In the- .event DQE 
ae-^ively exlsends tlie program ^..ol^':f air employment ^.practices "to other con- ' 
tractars, .coverage <?£ this report ^ should aJ.so be extended. 

• ^. Recommehdation : -This report shouW. be coordinated with respect to' 
coverage-, occupational categories,^ etc. with; D.OE" contrac tot; survfevs -pro- 
posed Jd^Iow tto improve comparability and" minimize' overlap", 'i^ 




vii. Occupational Employment Statistics -Suryey (BLS "2) Is an 'ambi- 
tious BLS-State program design'ed to provide periodic employment data for 
sonfe 2,000 occupations by industry" and State on a^3-year rotating industry 
^:ycle beginning^ with 1976. "Industry exclusions are agriculture^ education, 
Federal Government, and self-employed. Data are\:ollected ^n mail ques- ' ^ 
tionnaires tailored to principal occupation^ found in closely related indus- 
tries. About 20 scientific and technical occupa'tions jre reported separately 
The professional and- technical odcupations are further: identified as .^o- * 
employment in R&D. State samples permit separate estimates for:/?^0 partfci- 
pat ing "States, and NSF supports the develbpment of national estimates^. * ' 

This soufce>ill :^ovide useful information for those industries which 
are entirely or predominantly engaged, in an energy activity, surh as pubiic" 
:utilities,^coal mining, 'power generation , etc. Coverage of establishments ' 
, is hig^, and most d^fa are available on a State ^area basis. It will permit 
comparisons, of STP with total industry employ:nent, . and provide separate 
R&D employm|^t estimates for selected occupations! • ' 

For those^'^'industries less itivolved in energy activities, the source 
T' ' ■ * . ' ■ . ■ - 

becom^^less useful^ since no dist^incfion is made between energy and non- 

I'neTgy activities. "Type of energy^ .Involved can at present only be inferred 
tg^ni' fhe^shature of the industry. . ' - . 

Thts survey will be an i'mporta^^ource of data on employment in selected 
StP^ocQiipatlons fo^ those' industries important in energy activities.' It is " 
importcfent' that DOE arrange with BLS to the end that occupations, especially . 
STP, i and establishment coverages ^re^^^xiate . ^ ■ 




vRec(Anmehdation : DOE should enc^^ge BLS to* tabulate/separate . datar. 
on occupations and industries important to energy RD&D. - 

4- ; viii. ' Census oY Popu:^ion ,\he decennial (and ex.peQted to become ' 
quinquiennial) Enumeration of the iSenatis Bureau, i^'k funda^T^ental source ^ 
6f information* on -labor force status, occupat|Lop , age , .^uc^on. level , ' ^. 
•sex, ty.pe^p-f employer, salaries andWages^ ethnic or i gin^^^cat^-on , etc. 
of the.p^ulation. - However, the Census,' as^ the largeat^iJ^^is^al '**ac tivity ' 
in' th^^ Nation, lack^ the fAexil^ility^t^ provide more than '^^al ^information 
vn energy . emplo^Tnent *• ' " / c-- . " ' . 



It does, lio^ever. provide background in f ormatiori on the occupational 
'totals within ^which energy manpower is found, a framework from which more 
directed ggfcples can be selected for specialized suVveys. The National 
V ' Sample of'ffi^^entists and Engineers is derived from the 1970 census% and ^ 
we propose to develop this, source further^ from the 1980 census as noted 

later in this section. # . ^• 

■ • 
ix. Research and D evelopment Jn /Industry (NSF 4) has been a source 

. ^ — r : . / 

" of data on R&D employment ^ and furfding since 1957. The Census^"'Bua:^eau con- 
ducts this annual su^^p^^ with:,NSF funding^on a sample^basis which covers 
manufacturing and selected non-manufacturing industries on an SIC company 
basis j Manpower dataj include January employment and man years worked the / 
previous year for Fi&D scientists and 'ev^gine^rs . Such d-a'ta c^n also b.e 
related to 'cost of R&D performed. ^-S^^^^ cjiscussion of this source . 

under R&D funding.) / / '-^^fz-^^i^}^ * - ' ' 

This soured is pi li^^i<t^^^^ a' measure of employment on 

'/ ' ' ' ... '■ • -^s^^'o^^ ' • ^{ * ' * 

Energy programs. It -iai'l\S;: tc^^^^^ employment-- on energy activities; 




although. R&D funding, fbrr.;^^ is ' currently sepa^ra^ely reported , anc 

lacks oc.Qupational datay / Dat^ collection, on a company basi-^ weakens^ indus- 
: try comparisons wh^re mult i-industj^^ are involved^. ^ It do"^ ; provide '\ 

. ^ a .standard data source of information on R&D, employraent.by^- industry , and 
readily 'permits estimates of R&D expenditures per proV^ssiojial scientist 
and engineer. . . , .^'/ ^ , ^ 

. • ■ N • : 0 SLV ^ 

x. ^ Manpower Resources for .Scient^ic Acti^vities at Univers^ities 
,and Colleges (NSF 12)^ another NSF 'sec toral "survey produces information 
^nnually in GoAsiderable occupational detail for scientists engineers , ^ 
and technicians employed in hi'gher. educat ion . .Such emplo>^es are cross 
c^la^sified by \iov,k activity . (teac;^iing, R&D), full-time and part-time, sex*. 

and highest degree Held. Employed graduate s^tucjents - are^ separately re- ; 

. ported.. The Federally Funded Research and^Development Centers (FFRDC) ^ ' 
operated- by academic ins'ti tutions supply, similar information their ' ^"^ 

' . • ♦ . • ' " ^ n . ^ : " "'^ ^ , 

r operations. > ' \ . ■ > , : • / • ^ ■ 

r This source; covers alL insti tati'ons' of higher educat ionfeL^f fering. * ° "A 
. degree credit courses? in' science or" enginearging . Response r^ft^efe expeed /' . 
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•80 percent for the total, and are substantially higher for the larger^iinsti- 
tutions." The survey, affords a wealth of detail on prof es'sional .charnc teris- 
tics of academic staff, -degrees »]ield , full and part-time employment , 



work 



activities, field of employment- (engineering and sciences). Similar in.forma- 

* ' ' ' - ^ ■ • ■ . 

ti"on is available from 1965, although in less detail^ 1 

Thp principal deficiency is lack of information on involvement with . 

energy programs. Nor can this be easily inferred from field of employmOTt. 

"The institutions 'report some cjifficulties in reporti'ng, particularly in 

separating those engagied prima^r ijy , in R&D and teaching. 

^ Urrldss this soWce is adapted to provide information on employment in 

energy a'ctivities, i^jwill have limited value to DOE for manpower analysis. 

We propose that DOE uncfertake to influence NSF ^to collect such inforrna tion 

as another dimension for this survey. Failing to do. so , the Department " 

sljpuld consider extending, its own survey prAgram^ to .tfiis sector. 

^ . Recommendation : DOR^hould explore with NSF the feasibility of collect- 
ing^nf ormat ion on emp_l(^Tnent on energy activities, 'especially RD&D, oii* this 



survey. ' - . ^ 



xi- Education and Work . Ac t ivi ties of Federal Scientific 'and fechnieal 
Pers^n^el (NSF JO) is: a source of data collected by the^ Ctvil' Service 
Commissie^n (CSC> and. analyzed and published by NSF. Annual d^ta repo.r'ted 
include ^Bfjloyment in- the Federal Government by occupat ional series grade 
work activity, and agency for scientists, engineer^, ^d tech^nicJLan sLppprt' 
p^rsonhel. Appxoxima'fely 10* percent /\(^6 1 , OOD ip .Opiaber 1973) of 'the ' 
nati9rT'sVscientist« and engineers atfi^vFederal eniplbyees. * 

This-5^purce proVides considerable information on Federal'^peVsonnpl , * 
.including occupational fields,, wotk activities, and, level oF eduoatipJi • 
. (when 'related to^other data' from the Commission * s Central Personnel Dkta ' 
File (CPDF). A,49^6o|^ele^g^ ' ■ ^' \ 

: ? ^ r ^ ' ' ■ '}. ^ ' 

Deficiencies fai:' energy, employment purposes are sim'igLar to'^most of the 
ofher N^F sector .studies, i.e^^ failure to dlstinguisheth6^ engaged in such 
^.^Sf^jY^^^^^" .^^.ui^t'hermore,* data are published late, f.r^ent ly/ se-veral .Vears ' 
afCfer the re^rerice datat.- Most rec^^ ^re^ lease ^(fft^SF 76-308) "^in May ,19l6"'^r^J) \ 
irepol-ted. empiioyment • as. of October 19^3,. ' „ ■ f ' r 




This source > can be improv^id for * energy manpower analysis by' (L)hideriti~ 
l^-<fying employees engaged in energy activities, (20 conversion of' CgC.-ioccupa- 
tion'al series into, selected relevarj^t energy occupations, and (3) sf)e<3dlng 
up the release of the data. 




Recommendations : Encourage CSC . to identify Federal pers'onnel engaged 
in energy activities by technology; DOE to convert CSC se-ries' into Appropriate" 

occupations i^mportant in energy; and NSF to publish more promptly" 

» » , . 

xii'- Other. "NSF Sector Surveys of Employment of Scientists and Engineers ' 
are .conducted from time to time to provide data on 'such minor^ employment cate- 
.gories as State and local governments (NSF 5) and miscellaneous non-profit 
organizations, as research institutes, hospitals,, museums, (NSF 8) etc. These 
source's serve to, round out the employment universe for NSF, a^id provide limited 
occupational and type~of-work information. State and local governments efnploy 
,as many as 9 percent of . all scientists and engineers, but fewer than 2 percent 
of those in R&D. Coverage is occasional and spotty in occupational categories 
. and usefulness for energy manpower quite limited.. ^ (See also discussion of - 
■ these sources under R.&D funding.) . ' ■ ^ 



* ■ -Until |uch time as DOE' develops an improved data system, ^ it should look. 
. . to NSF to provide R&D manpower information for "this sector,, especially the 

I State and local governments* and non-profit institutiions . As it is able, DOE 
' should seek to influence such data collection to secure occupations important 
to ejnergy,R&D and type of energy involved. . , 

' . Recoimnendation : DOE should encourage NSF to. collect RD&D employment 
data from the several^mingr sectors, including further' detail^on occupations 

/ ■ V. . . . 

and energy technologies. - .. » 

■ . " ■ . ' ■ * ■ a , _ / • 

Employment, Hours, and Earnings (Ji^S 5), the monthly employment 
series of the BLS , provides industry^ information peripherally useful for 
- *selected industries. Although no occupa*tit>nal.,de tail is provided', the em- ■ 
^ ^ p'J.oyment information on, total and pjroductipn worker 'employment , hqurs of^ 
V ^^vJork artd earnings, is tfle'ful as a current measjure for eneiiy intensive Indus- . 

• tri^s (coal. mining, petroleum production and refining, electric and gas.. 
. .\^t?ilities,' etc . ) and also to measure overall emplovment trends. ^ ' 

\ ' - ■• ■ . ■ . , . • • . \ 'V . V ^ 
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• - • Regulatory AR^^ncy R^port.s are sometimes a source of Inipl6.yhient ' ■ V . 

information.. ^Federai^^_Go.v<rnmenli»a^eVi'fes, ■ such, as the . .In t^^rs^ate • Cottme^oe • * ', ' 

" > Commission- {tc'c) , the' federal 'Ppwer .Commission^ and Fe'der.al' Cbmniunlcaeions ^' ~ \ 

, ■Commission, frequently require certain "employmejit information in " connec{5|i" 

-..with- reports filecgwith them by regulated companies. Such re^ports typically ' 

call for the ayerage number of employees with little or no occupaticffial de- ^ 

•tail or R&D involvement. An example is the annual- report of Interstate 

petroleum pipeline companies which report' annuall^j||) the. ICC on average 

numbers employed by occupational gKOHps ,^.;Ln^a^diji|;y^^ ."professional 

and subpfrofessior^a,!- employees." (ICC 1) Such "-datafe now of marginal value for 

energy employment: uses, but do afford a measure of'^^^n|yloy^neIi t for the Federally, 

regulated utilities. HoweVfer, the 'recent transfer of Federal responsibilities 

relating to electric power, gas and interstate ^pipelin^s to DDE affords the 

opportunity 'to review reports on employment .now required from the standpoint 

of making them most useful to DOE. ■ • 

> ■ ' K^'- 

These report,s can be improved by incorporating standard occupational 
specifications for. -employment reporting and by the summarization and release 
.of the data when available. . L_ 

,■4 • ' 

Recommendations :. FOE should review the reports req-.ulred of regula'ted 
companies in thp ' electric power , gas, and pipeline industries callinl ^or 
. employment with the view of standardizing occupati^s^ and -other jeport V 
specifications, tabulating the'data, and publication for wider u^^" 

^''V Inventory of -Ene^Rv Research and Development (ORNL 1.) a survey 
of the Oak Ridge. -National laboratory funded by DOE and NSF, collects in*v. " 
. formation from ^&D perforipers on ^ype of organization, industry (SIQ).^ Wg... '■' 
\^ ployment, expenditures, energy sources, and related information: R&D pr6- : ... ■ 
'v^cts. funded at $5,000 -or moire per year are reported individually by. funding^ ^ 
apd employment of full-time equivalent scientists', engineers,- and -graduate 
■ students, assigned to' tha project . (See also description of this' source under 

R&D E^tpenditures. ) ' . • \ • ' ^ 

y The Inventory lacks o.&cupational 'detail and the ^mplpyment reporting / . ' ' 

specifications are imprecise, Th^aboratory .claims coverage -of some 80-85 , ^''^ 
" percent of all. R&D proj^.cts in 1971^ The survey may., T>^ most useful. 



I- • 
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^ . Vnoint of departiirf '^fGr deveiopiri'g .^^.^Hires'.tfQryr of R&D es tab'-iashments . ' 

j^'^ - ^-^ .xvi'. ^ 'Other Mj.scellaneous Series - se\^^Xkl other data "sources 

'^which^rovij^j^ some' ;re.latpd emplcsu^ment data on^selected occupj^tipns or activi- 
ties, fi^smr^tiine to time. Th^se include the estimates produced by professional 
soc«^ies, trade associations, and research ins t i tut^s . Those "discussed^" 



below -are representative, but by no means^ complete ,.. examples of such mforma- 

tion sdurces. ' r , _ . . 

' • • / ; ■ . ■ 

Professional societies frequently compile data on types of employment, 
incora^ and/ education of members of the profession. Generally,^ the data are 
rj^i^t^ restrrcted to members of the society, although occasionally some nonmembers 
will be included. Such information may be related to periodic studies of 
the st£^t'iJs\i^^X3^^ticular profession. The data are usually collected from 
individuals with some supplemental employer reporting. Examples of such 
prografns include the American Chemical Society, the American Institute of 
Physics, the -American Society of Civil Engineers, the American Nuclear 
Society, and the. Engineering ManpOi^/er Commission. . ^ ^ 
^ Trade Associations ^from time to time may collect cjata from their industry 

members and from educational^ institutions to determine current employment and 
prospeo^'ive trained..manp'ower additions. Such d^,'?a' are limited in^ scope and 
coverage, but useful for specific industrv segments. Examples include the 
Air Cc^?^itioning and Refrigeration Instit ART) with periodic es'timates 

of employment in selected occupations drawn from Government and membership 
suryeys\ r Vv.:-:.:^^.-^ .-r * ' ' . ' ■•■ , 

. , . Research institiites are a source of inf cTij^tion , generally for- specific 
groups on afi occasional basis. An exception is th^ Battelle Institute annual 
V, survey of salaries of Jl&D scientists and engineers (BATL 1), funded by .DOE;'~ 
altho^ugh . not an employment series, it provides related information and might 
, provide •an altertrarive 'data source if tailored to energy R&D specifications. 
"ImotTpgr example is the .study of the Center for Advanced Computation of the 
Unive\:^ity of Illinois, which provides STP employment projectiops for indusr 
tries important in energy productkon anjd utilization based upon present - 

• • • ■ • ' 

Hygh Folk,, et'.al., Scientif^ic and Technica-I Personnel in 'Energy-Related 
Activities:' Purrent' Status and Futu^. Requirements , /Center for. Advanced 
Computation, University of Illinais^V.G^ampaignrUrbana , III. , July 1 , 1977 , 

■ '.^ * , . ' ^ - • ' • ^ •■ V ■. • 
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establishinent .;Rattei;Tis of ^ employirietit and/ta^n^' into account future physical 

production .levels . * ; ' . - ' ^ 

. . ■ * . ' • ) ^ • ' ■ y ■ " . ■ 

The foregoing sources have dealt wj.th the principal data sources for ' 

* ' . ' * . ' , '< ■ 

current and past empltDyment . ^ A subsequent secHpn reviews sour'ces -bf dat 
on projections and :^recasts rel5tedOto energy" einplo3rment . . o'l' ■ 

c. Summary Evaluation, of Existing Employment and Characteri-s'tics. Dat-a 

The search of data sources on employment and . characteristics .of worker^ 
Engaged in energy RD&D revgal^ the spotty' character of current data which 
ha*ve mainly been dev.eloped f^Tother purposed. ' Sources . tailored to energy 
employment uses are few, bufVs^veral 'might be modified enough to^^ be "useful • 
with* varying degrees of. difficulty. , > . * ' . 

frequently, the addition of type 'of, energy i.nvol.ved to the cfata source 
Immeasurably enhances the vajue for energy manpower analysis. Fgr example, 
such additions 'to -the National Sample (NSF' 1.5) and the Doctoral Degree V , 
Holders survey (NRC 2) would provide measures directly applicable to the-' 
universe of energy employment. ■ ■ Several ' other sources would/be imprpved^Vy^ '• 
'si^ilar modification s.uch as the NSFniniversity and- cpllegPsurvey ■ -/ ' 
' (NSF 6), Hhe CSC file o,f Federal personnel (NSF^IO), and\th"e miscellaneous 
:^:N^F; -sector surveys (NSF* 5 and 8). ' ' « .V ""^^^ . if- ' 

y- Expansion of exist in§\s'ources to. additional coverage * of ,-bccupat-ions * ' 
important in energy R&D would be useful " to evaluaVthe^e>c^^ of specific " • •. 
occupatio.pal ^involvement in energy.' Such rjecommend^^lons are proposed . for 
the .National Sample arid': th^ V^f&por ting systems ..of 'thle regulated industries, - 
newly .the respons? ibil ity of DOE. ^ Utilization "of , a stancli|d ' list of R&D ■ . * 
occupations, wbere occupational data are dSllected , kn^conv^ 
the Standard Occupational Classification (SOC) i-ead^li^ermli^ ^ 
between data sources. ^ " ** .. . 

d. Further Initiatives for Improvement -and Development of Data Sources 

. -^ . ■ ' ■ ■ . ■ 

■1, Developm ent 'p^.^- .-Base, Line Measjure 'of Energy •RQ&D Manpower - High, 
priority should be assigned, tp developing an Allergy RD&li- employe base ^ / 
line^^easure. Initially, .coverage can be restricted to'^scientific and 
technical ^0(::c_upations at the 'profeslfio'nal -ahd semi-pr^f'essional levels," 



such as §7rfentipts, :engin'eers and technicians. * At a later date , experience 
may indicate that coverage shoul^ be extended "^tovselected* craf ts ^Lmportant ^ " 
^ to.* successful energy activities. ' . " • 

The' base line should include professional and personal charac'.teri^^cs'"^'^ 
d"^lt;a--pf ^^j^.. employ.^ target population ^uch as field of ener'gy., oG^cjiipation 
* type of X>^k, type/Vf V (employer, and highest .degreel|^ Bower priori^ty 'mi^ht 
^^ be assignetl /to smch data as sex, age, field of study, and location of 
*^ work or residence. While the base-line data serve to answer a great many 
of the questions* which ai'ise, it also will serjve as the ^sampling f'rame for 

'developing more , specif ic and sophist^ated dafc^'^. ^ V / 

K ■ ■ \ I ' ^ ■■ /'"■■■•' ' ' 

The establishment of '^n energy e^ploymen t^ base , line' "calls f or . i^entif i- 

■ • ' ^ ' ■■ ; - ■ '\ * ■ . 

cation-of either all. the employers', of^ such workers or the work:er3 theifiselves . 

In the absence- pf any appropriate'^ standard employer : report' f^l^ji^hich such - 

' a tiase line can be abstracted, the most feasible" approa^h^ seems be to t;he'' 

^ wprker^s^J|^^^Tther advantage of this/ approach should also ^l^e greater accesJi\ 

tp' worke:^^1^racteri^tjlcs in fQ^rjuatiorf which employe irr reporting :&ys^^s find 

difficult* to ttepprt. ' " . }V. * 

>■ . The employment base line could bes^ be deyeioped as' an . adjunct , to a ^: 

Populati pri' Census . ^As ^loted^ the^energy manpower comp6t>G3it o:^ the labors 

force -is relatively, small, ari4:,;^he raaTtoioth iriechariism of a census should rfot 

be 'expected to subject -the entite population to the spe,cialized ^ta- items 

required for -the pj:0)osed measure. A censusV however, cou'ld serve as/a 

wide-mesh sc^;?'getr'fo provide a smaller group from which the base .line' might .. 

be ^developed. • ' ' ; ' ' ^ ' : » 

Both the 1960 ' 1970 Population Censuses?' identified selected scientift 

■ and technical occupatioifal groups which became the gubject of more compr^hen- 

sive surveys ±A 1962 and 1972 under auspices of the National .Science Foiinda- 

V tion. A similar survey is now prC)pose.d for 1^82 , following the 198t3 decennial 

census, This timing* provides ' an "unparalleled opportunity for th^/ C9operative 

development of the d^^Mj^^ba^e i^Jme . • ■ - ^ 

\ye ^propose ^hat flHR^k Vith. NSF. and the Census Bureau*' to identify ^m- 

Loyees wbrl^ing in RD&D /energy activities in' scientific and technical- tDCOupa- . 
' ■ ' . ■ — . ^ >^ • "* • . • 

Kfons found* fc... the ^ Census. This might take the form of a l^SB 



^.pb^t-cengal sampHle sifrvqy of We selected Census ocicupa.tiona'l groups,, in. ■ ": " 

"which- frfipiQyn>ent in energy "activities is lifely to be found. Several options 

Uy j*Khlvh desirable.'^de^G^il.,.. such agV.etier^gy cate^'ftiry ,7inay also cjollected 

'"^ -.^re possible.; The}) incluci'e additi^ual detaii*\ in: the NSF sponsored surveys 

mtegtalv-parfco;^^ a thlr.d " 

\St>ge; sub;-satfiple of the to energy^ employees ; of .^a 198'5 

separate^ ^sample s'urvfey based pn^ the, '1980 occupational grouf)'s. . ^\ 

/^jiicheve^^^^^ the. eontXnuihg\interest and access t^o- the' 

'.sampie*^ses pri the' part of\DOE:;,sVpui'd be- established , early. ^Tri the event 

Census,^ ifTqiinta^^jn^ - control' of ^the-v^nergy.'^base line fiie^ ther^ 'must be'' adequatl 

opti6^^ti|^jL'^ty to e|cplGit' it- Co ijieet DOE ^ihfx:)rina-tion neeSs.'* ■\: ^■ 

The'/year 'I985;.Vil4-vJ(jar^ -tbe first 'inrd-dVcede 'cfensus . ■ At pr.eseKt'', the 
:y ' * , V vV-'^' ' ■ ■ - • • .<,^^^^.'"' ■ -V'- ,V ' ^ 

. exact^ W|,ture- qf >thl^^ is7,uncl;e£ir'^ bu^ it>t is expected to^'be lesfe/ de,-" ^ 

tailed, and .|lace^,^gr^eatbr i?el.iance-M3*i; satmpU'ng . than^^ regular ^e^^ --^ - 

census.. ;^It'^houd4>stlll serve hovreV^r ;*- to !update'.t:he.; ene'j-gy' RD&D -employ--. 

ment bos^^ lii^e ■ 4^i: S-yearr^ inter^ls.^thro.q techniques .$imil-ar to- 

•;those .propos^a-' to ^^ol■low the ■•1^80 ^lensu^ / .' • s ' * • . ^ • ' . \ 
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Deve^lbp^ent^^^| j gf^Tjf^ -Energv ' 

iAnd th^r ^:asic^:tool f ot th^^ "^tenpowef ;_inf 'pr Qgram, is a* dir cqt 



.■'ioxy*of iTidustiTial a^d^^^^^t^T^;^je^ e>nei:gy^D.&D.: -,Iri;,a • -r. 

s^nse; it p'rovid&s a data fil'e^in £his .'area s^imila'r to the ^eTHploy^k B^se 

.P^opo%^4i.p th^^pree^ding. so.ctiori^' Th^ :dir©ct;ory sTipulM "inc^^^^^ ; 
Jnf o,rma:^ ion a^s .^jnaijie ^''ipcattoil principal a^ct ifvit ies energy/ Ri)&D^ act.iuijriesvt * 



'emplx^yment tptalY ln(^>iistriKl-^ sr^h^" Rp^C, expenditures'.- Useful 

;as an inventory^()|^energy ^ 1^ ^faciW^^^^ of .yrdgreas,' l^^ardr" 

goa Is father director p.r"ovi^les''alsoya.^ ^ for periodit: apd'sReclar 

surveys ,jwit,h, r^spe^t 'to -^manpiower, ' . ^ , ^ v^v ^/'i •/ . ^- ' 

., ; . ' The directory .should bg-^lo't^^i I'^'id . 'f r oin d^iyeVs^^sources ' -Vncju^^^^ 

'^'^^hl^^!^^^^^ otra4;e^a|^6iia- 

tions\*and publication^, ii5du&ji,;ptal- rese.^^^ an^- the.likei. .It' ' 

is1iPyld'^4-rrG/iude appro^ri in other t?oVerntnerlt ■' -' 

surveys ,^^suc|i ^as R^&p' sufA^eys,.6f \tli^^^.^^^ .;^mp^loy inert' Isurveys pfr . 
-the BLS,.^and' th^f^fp iav&Rtp^^^^ ORNL*;; v -V^.' ''. 



Maintonnncc^- of such a I rec tory sliouUl prohabl.y he i\ rpspdns ihi 1 1 ty 
of I)OH which Is In- the host position to assure the IncliLsLon of 'Dp/: con- 
tractors. But whether maintaineci in 00^' or elsewhere^ acces-s to the direc- 
tory Phr DOIO survey purposes should he guaranteed. Coverap.e shauld he </ 
broad, including Lndu.strial, government, and academic es tal) llslimen t s , hut 
subject to a small size cut-Q£f sui'^i as , annual RD&l) expenditures of $200 - 
;>00,000 per annum. / ' - 

^ ^ ' - • > '• ■ " 

ill. Tn tcrnal DOIL and Contractor Reports The Department of ILnergy 

constitutes a unique organization structure for the condtt^;^ "^o f Federal 

programs. Tlie several National Laboratories (e.g., Argoane, Oak Ridge, 

Alamos etc.) established under the Atomic* Energy Commission, which 
have expanded to include many d i f fe rent types of operations covering several 
sources of energy and tony variations in energy technologies, are one key 
set of establishments.. Some parts of this system of laboj:^tGrries'^ are operated 
by industrial concerns, some by universities or- university consortia, and by 
non-profit organizat ions Another set of establishments are the^Energy^ Re- 
search Centers (e.g^. Bar ^?^sville , Laramie, Pittsburgh), operated i^y Federal 
employees, which were formerly under _ the . aegis of thq Office of 'Coal Research 
in the Department of Interior. There are also sep>3rate laboratories and 
f^icilit-ies , some operated under cont^racft with pon- federal , arganiza t ions and' 
some by intramural arrangement^. ^^^|^^inclij^ Bettis Atomic Power Labora- 
tory, Ames/"Lraborat(ary , Stanf ord^^P^r Accelerator Center, Savannah River 
Ecology Laboratory, Solar Energy Research Institute,' New Xoi^^' Health and 
Safe-ty Laboratory and mapy more facilities. . ' * 

Thus, operating under the n7?w s^l of the Department of Energy is a wide 
assortment, of- organizations, facilities,^ plants, sites and offices which 
carry out the many programs of the Department. The operations, management, 
and conduct programs are as varied as the separate facilities. The man- ^ 
pow^r engag^^in these activities is substantial. 

Discus^ioq. af manpower data needs with, DOE officials brought to light 

sev(ik,ral '[Diecemeal information systems, or data collections which exist in 

... , • . 

the several organisations now organized under the Department of Energy. 

They include the budget an.d reporting system (under which expenditures for 



I 



IV - 18 



all ERDA programs were cafcegarized , Including programs r- (Sec Appendix 

'A); the proposed^oilections to be undertak^^n under the Uniform Contractor 
\ ■ \: \ ■ ' ■ . ■ . 

Reporting Guide 1 inc^sVUCRG) the "institutional -plclns^' submitted in response 

• fco die call of: the Assistant Administrator for Field Operations; Program 
Approval Documents (PAD's); the Contractor Statis-tics Program covering 
'coco's; and the detailed data submitted in connection with the annual budget 
cycle (to Head of agency, 0MB and the Congress).. These ejramples pertain to'' 
the former ERDA, but similar sources exist for several of the other agencies 
now in DOE, e . g , FEA,. par ts *of ICC, etc, ' However , together these informa- 
tion systems do not represent a comprehensive or integrated source of infor- 
mation on spending and manpower In^^ved in the various programs conducted 
by the uhits now constituting DOE. ^ Rather, they'are. in the nature of limited 
ppeiaptions reports serving some of the specialized nee^b of specific programs 
and managers . \ ■ . ■ 

As program managers perceived new manpower data needs, they have developed 
reports specific to their immediate purposes, but of limited value for other 
purposes. In some cases, it^may be possible that revisions of such.existij 
reports will meet the/ specifications of, the -more comprehensive CEMIS . In 
^other cases, new reporting will probably be necessary. In any 6vent, 'the new 
^reports should be related and consistent wi th ' presen t reports as much as' 
possible to redute burdens. . ^ . \ v 

The manpower with which DOE is. most directly concerned is th^t which is . 
employed byTederal estab^shmen ts 'and the closely controlled GOCO's which are 
funded by the Federal Government. Next is the manpower. engaged on work: in 
private establishments; but funded by DOE or other Federa»l agency -contracts 
a^nd grants. For thes^ two segments, we propose a data collection progr^ to 
cover STP'^mployment and RD&D expenditures as follows: , - 



STP ^mplfyrnent in DOE and GOCO's % 

Coverage: ^ Federal personnel in DOE units, contractor personnel 
Government-owned installatiori3 whether or not engaged 
" ' 'in RD&D. ' 

Content: ^Employment "by STP occupation, work activity (RD6fD 

Stage or other), energy technology or o ther , highes t . . 
degrees held, ^ex, ^ace or ethnic iden t if ication 
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. ^: and RD&D costs* by energy technology and <v/ork activity \ 
^RD&D stage), *; - . / 

Frfequertcy: Annual ' v . ^ 

"2 Other >STP Employment -^Fundcd by DQE^ar by Other Federa)l Agencies in 
" Energy RD&D ... * " 

Coverage: . dther employment funded by D(^ contracts and- grants, and-> 
^ other Federal direct, contract, and grant employment in 

^ \^ energy RD&D. 
Content:, Employment by ,STP occupations, work' activity (RD&D stage)\ 
energy technoJ,Qgy; and energy UD&D costs from Federal 
sources by energy technology and ^work" activity (RD&D stage) . , 

Frequency: Annual ^ ^ ^ ' ' * ** 

' ' ■ ■» 

The establishments covered by ^^e above reports can be readily identified 

through accounting and fiscal c()ntrols as well as from the'proposed Directory 

source. These annual reports, should cover all such employing units, and be 

geared, if possible, to existing operations reports in the interest of data 

6onslst^ncy and minimizing report'' b'urden. DOE' should arrange with the appro- 

pri^^ F4deral agencies for data collections ^from the non-DOE funded programs 

The reports in these segments ar^^closefy related to DOE operations, and 

should be an important responsibility of that agency. It is recognized that 

other agencies — notably 'NSF — also have important interests in such data, 

and, cooperation between them is- a necessity,^ Tjhe relation to DOE operations 

is likely to provide stronger incentives for effective data collection than 

the more general economic data interest- o"f NSF. However, the poss,ibility of 

NSF collecting manpower and RD&D costs^ in the detail proposed from the RD&D 

performers other than DOE and GOCO's should be^ 'explored . 

±v. Other RD&D Manpower., and Expenditures Reports ~ The reports pro- 
posed above will cover approximately one-half of the RU&D annual costs and * 
SIP manpower involveii in energy activities r- They cover tftat portion in 
which Federal, interests a>re greatest.^ The other segment — that funded by 
private source^ ~ is less subject to DOE influence and the more difficult 
from the ^standpoint of data collection. . ' • 

. A series /)f reports iA proposed to provide information on employment 



and expenditures for the energy RD&D programs funded from all other sources', " 

including private indus/cry, iiVi-yersiti(?s and pon-profit organizations. State 

and local governments^ e tc . The Directory of establishments/proposed earlier 

will provide a universe" from which samptesmay He chosen for annual surveys 

of employment and RD&D expenditures levels by energy categories as^f ollows : 

^ ' ' ' , ^ \ ^ - 

3. Others STP Employment in Energy RD&D funded by Non-Federal Sources 

Coverage: Other workers in private industry, universities , non-profit 

, institutions. State and local governments, etc', ftlhde^l from 

other than Federal sources. . ^^^'^ 

Content: Employrtent by ^TP- occupations , work activity (RD&D> stage) , 

energy technology; and amount and sources of RD&D fund- 

-^.^^^ ing by energy technology and work activity. 

Frequency: Annual. ' ^, ]( ' 

' ■ ' . • . 

It was not possible td make a thorough review of all existing reporting 

to determine the extent to which the proposed CEMIS would meet specialize/i 
operations requirements, or conversely, the extent ^to which specialized re- ^ 
ports would satisfy tjie broader requirements of the CEMIS. Nor would .such 
a review be. timely, in view of uncertainties in organization and program 
evident in DOE a^ this report is being completed. What started as an ^ssi'gn- 
meat related . to ERDA/s responsibilities *for energy RDSb>^ has been caug*ht up 
* in the Rress^* new and enlarged responsibilities of IdOE : 

The CEMIS represents methods by whicn STP man^^owfer supply and req,uire- 
ments may be evaluated within the framework of the broad national labo^ 
force. But it also orepreseijts a system which should meet many of the/special- 
ized needs and permit adaptations for meeting other requirements of the 
operations (^ma^*gers. NevK^op^rations reports, as they develop, should be 
cons is,tent with the CEMIS, that^is, follow, similar .definitions and specifica- 
tions. . - . > , . ^ 

* This survey may exclude certain coverage^s^rgments to the extent that 
similar' information becomes available from other sources, such as .the 
NSF sector surveys. TheMore comprehensive specifications here assure. \J> 
thatothe three surveys Toget-Ker will cover the entire range of STP 
employment* in energy R©&D. ' 



2^^^ Earnings I 

a. , Introduction ' ' .^c* 

As we havie noted. Information on ^he-i2omparat.ive pay .of energy R&D 
practitioners can^be used as: - / ' , \-i 



1) indicators of changep in the balance of^mani^ower supply and- 
^ demand in individual occupations and specif ic ^f ields^'bf R&D 

; ^ activity; , J 

1) references for personnel management to compare the"!!" estab- 

lishment's expyienae with that of a jiurm or as a basis for ^ . 
their establishment's pay policy; and 

3) a, basis for revealing ^^herence to publics policies such as^ 
pay equity f or, minorit ies and for women. ^ 

The responses^of pay scales to the forces of supply and demattd^do not ■ 
always coincide with those called for by classical theory, but the effects 
of these forces can never theless ' be detected once expectations of responses 
are modified to, coincide with the realities of actual labor market opera- 
tioti. ^ . ^ " ^ 

Characteristically, especially in recent; years, compensation in'lK^a^rs 
shifT^ primarily in the ^pward direction^^to take account of inflaticfn and to 
reflect increases in demand for a skill category of e'mployees in relation 
to their supply. Because^of institutional restraints and rigidities, pay 
scales' for experienced workers generally do not decline where manpower 
demand contracts, or supply. .expanc^s, although enjtrance rates m^y be more re- 
sponsive to the market ; but wbe,re those conditions continue ^over any sus- 
tained per io^d , 'there usually is a slowdown in the rate of pay increases for 

experienced workers in the 'affected occupations as compared withv^hers 

^ ■ ' ■ ■ ' ✓ ' ■ • ■ ^ ^ 

where a rtghit^r labor-market exists. In reflecting supply/demanjB^ imbalances, 

the indicators would be expected to show divergencies in the ratfes of 'pay 
increase ratheiT than actual . declines . , . - . \ 

t;. .Evidence of ain upward divergence in" compardt ive pay of specific cate- 
gories of scientists- and^engiijieers would oby^iou^ly be an important considera- 
tion for R&D administrators contemplating any significant program expansion 
involving a'dditionafdfemapd for those s^:ienj:ists knd engineers. The evidence 




of divergence would be a signalj^that thi^manpower supply may be inadequate' 
and has to be critically examined to determine the^ viability of the pro- 
spec^ive program unless additional supply can be assured • The evidence 
•of. rising manp^ower demand in allied R&D fields would also require considera- 
tion, because a spillover of this demand could be expected in occupations 
and activities who^e some interchangeability is possible. Policy officials 
with broader conceits would also have to consider whether pressures fo^* 
maintaining pay comparability would affect related occupations having simi- 
lar professional status. ^ 

Comparative pay data xr/ould have additional usefulness in situations 
where the Government directly employs or indirectly supports a large pro- 
portion of certain types of scient^^sts and engineers, as it does ly the 
nuclear energy field. These data wouTrd^provide suggestive indicators of 
managerial ability to establish the delicate level of pay correspondence or 
equivalency among different hiring units and among the Government facilitie^, 
in general and all others. Even a divergence of pay levels below thbse of 
the comparative standard^ (assuming no chamge in other significant factors 
sO^ch as fringe benefits) could be a warning^to management ^t^hat pay practices 
might be undermining a program -s longer term ability to recruit and keep^ 
quality personnel, while upward divergencies suggejst the ^ssibility tWat 
p^y rates are excessive./ Where the Government is a very substantial employer 
of a given specialty, and its pay t^cales effectively established the market^ 
scale, R&D policy officials would have to consider whether lower pay scales 
might be a disincentive t>p entrants into speci^^lized training and would re- 
duce the ultimate manpower pool available '.'for employment in the occupation. 
Con^v^r^ely, significantly higher pay scales should raise the consideration 
not only of disruptive inflationary pressures, on allied specialties, but of 
prospects of a^ oversupply of available manpower at a future date. Pay ig 
of course not the only determinant of' manpower supply, but it is one impor- 
tant determinant that must be considered with other factors. 

The usefulness of pay data therefore depends heavijS.y on their compar- •* 
ability. This involves internal comparability of data series over tifme as 
veil as: precTsi'on of identifiable data components^ in any measure that is to 
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be compared with other^ pay" measures . Reasonably precise and. lujiform occupa- 
tional identifications are required for meaningful comparisons, and, ideally, 
the data should identify such factors as education, experience, level of job 
responsibility, Supervisory states, and. similar factors which detirmine pay 
scale differences in the labor market. 'Since comparisons figure so heavily 
in tne usefuln^s of pay data, statistical validity of the data is critical, 
involving such factors as. adequacy and representativeness of the sample 
drawn, a'dequacy of ^survey response, and statistical biases in the. framing 
of questions or the cpnduct of the survey, 

V 

b . Data Sources ' ^ 

, -The principal data sources on compensation are these: 

i V NatioTifel Survey of Compensation PaiV^to Scientists and Engineers 
Engap;ed in R&D Activites (baTL 1). These are conducted for ERDA by Batteile 
Columbus Laboratories. The latest annual survey, 197^, is the 9th, conduced 
by Battelle; a predec^essor survey toflducted hy the Los Alamos Laboratories 
of AEC extends back to the late 1940' s. - /. ^ 

Monthly, salary data are given for:. supe;rvi^otry and nonsupervisory 
.scientists and engineers by field and level Of degree, age, years since bache- 
lor 's degree, type of in^stitution (nonprofit i^'search, educational , crmtract 

research center. Federal establishment , private industry), and occupatiqp 

» 

classified under eight branches of engineers^, or as scientists in physics, 
chemistry, atmosphere/ear th-^/marine/space scientists, ^agricultural/biological 
scientists, economists, mathematicians/statisticians and computer scientists. 
Data also are given on ratios of technicians to scife^ntists by type of estab- 
lishment and proportions of scientists and engineers without degx;,ees. St^rt-' 
^ing salaries are shown by level and fielcf of degree. A key element in the 
survey approach to compensation differentiation is that of identifying- 
"age-wage" data on both chronological ''^ge and years' since receipt of /degree. 

An attempt is mad^rto -^^ncre^ase the accuracy of year-to-year comparisons 
by identifying separately the measures obtaindt^ from identical respondents 
over a 5 year period. However, there is a low leveSL of response in th^ total 

survey to the questionnaires (only • 304 of 802\ contacted establishments re- 

w • . - ■ 

sponded) and there has been a steady attrition in the -^identical sample. The * 

. • ■> * 

\ 



low level of response to the survey may 'bias the . accujra^cy of the reported 
salary levels. Although trend compar isoj;ys over time^yvould have greater 
Validity, some bias is also likely, in tmis as a result of attrition* in the 
identical sample. . > > - . 

The measures appear to have greatest validity in showing relative *pay 
differentials (rather than Ifeyels) based on degree level, years of exper- 
ience since receipt of degree, superjvisory status, etc., and also in show- 
ing comparative trends. . ' . 

The information collected by Batte-fle is 'derived from, employer rep9rts 
on the establishment and from employee reports, submitted through the em- 
ployer, on personal characteristics and' functions. ' In practice, the em- 
ployer completes many of the indiv^^dual report forms from personnel records. 
The low^3tate of employer cooperat ion in this "Purvey may be r^elated to the 
reporting burd'en'*'that employers appear to have assumed for supplying in- 
formation on each of their employees-. Inasmuch ^as this survey aims at 
being the broadest-based and most authoritative measure of compensation for. ^ 



scientists and engineers in R&D work, special efforts ate plainlv called for 
to shore up the response rates. No special remedy appears obvious, but a 
review and possible rec t if icatioti of the ^survey^proce^'SuT'es, and ^^ome^ influ^ 
ential promotion activity, could produce^the desired result. 

Recommendation : DOE should formally review^ the administration and pr^cedores 
Vf the Bat telle survey, or, 'in cooperation with other agenclies concern^ with 
earnings data on technical manpower, convene a panel to conduct such a re- 
view, with the aim of improving the accuracy and validity of this important 
data source. ' - , / ' ^ f % ^ 

11- Comparison of Compensation Paid to^ Scientists and Engineers in ' / 
Research and Pevg'lopmen t , 1976 D.ata,(ERDA 9) Prepared by Oak .Ridge Opera-/^ 
tions Office for ERDaI ' " / 

This study involves ^statistical analysis involving the general^urvey 
data source (BATL L) and a parallel special' surVey of ERDA laboratories/' 
part of. which is represented in the broader survey. It represents a syste- 
matic com^rison of compensation paid to scientists arfff~ Engineers in/ 18 ERDA 
lab^ratorie's and those covered by Bat telle '^Nationail^ Surv^. (Seven of these 
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laboratories a^, already represented in" the\sainple for the- national survey.). 
The data content- and survey Jnpproach is 'essentially^' the • same as. BAIL 1,. 

Comparisons are mad«, by type of establishment, educational le^vel; ,(d"e§ree) , 

management .artatus, age, ^ars since receipt,, of degree', .field 5f highest 

degrea, and rate of -compensatTon ifi'crease .over, previous .years . Tfiis compari;^ 
son is an example of a practical use^of two related bodies of statistics, 
aimed at determining,., patterns of difference ixi compensation. between Federa^ ^ ^ 
energy R&D Qstablishme^ts^and the ^en^al universe (public and private, 
energy and nonene^gy..) of R&D establishment's. The valfdity of the comparisons, 
whose limits are descrii^ed in detail, is severely^ circumscribed by^ome la'^ck 

. of occupf^ational de^ai^ and co.nsequ^t unreVealed differences in 'the composi- 
tion 'of the compared workers, and by other-ili^f f erences , but the^su^rvey c^pi- 
pensateg for .this by the pra^mat^ic approach of, identifying '-age-wage** and 
other |a<i1;ors which can be'^more j^ractically reported and wH^tch seem to be> 

- fair determinants of pay. The- survey and Ite analytical accompaniment is 
accepted as the ^^st a^/ailable measure of comparative pay^ practices for the 
unive!i;^ses compared and therefore serves as a practical reference tool for 
personnel and compen^tionv policy . The practical usq^^ of such a comp^ispn, 
affecting as it does [individual's compensation. Government establishments' 
payroll co^s and/ laboK^market pay scales, points up the need for reinfor<:- \ 
ingithe validity of the 9ompeni^ation data for ,the universe'^on which the com- 
parxSDn relies (that is the *^at telle Survey for all R&D .work)'!!' The suruey / 
of DOE laboratorjLes is conducted annually, relying on reports from 16-of the 
approximately 60 'GOCO facilities . X^- 

Recommendation: DOE" 'should^exafnine the feasibility' of adding occupa- 
tional detail to the 18-],aboratory portion o.f the salary . survey . aIs) 
' the survey should be extended, occasionally to the remainder the (SOCO 
" universe and 1^ other DOE contractors obtain (^mparable data on all 
DOE-suppor ted Em&D^dersonnel . Tlie extension of the survey; should assist 
DOE to assess comparative pay practices and' e'ffects of .labor mar^^ de- 
veloT:»inents ^^\l1 of th© facilities in whiph 'it has a^irect concern;. 
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V 7^"^- Report of ;Contractor|Hours and Earnings . (ERDA 1') This is- 

/ b^sed/on ^semiannual ^eperts 'to ^RDA of some 60 Go^^rnment-Owned, Contractorr 9 

Operated (GOCO) facilities .^ .* It for all es tablismen'tsS Qnd for^ 

specified categorie3^^ot" establishments, empj(^yment, m^hoiirs worked^ ani=^ay- 

; .rolli fori scientists, engineers, prbfessionals , and odPfer occupational cate- 
* . f ' ' ' ■ ■ : . '. . . • - • . ^ 

gories of approximately 90>,00Q emeloy^ irf GOC^'s. About' 40 ^percent of 

\ >. ■ X .i ■ ' . • * 

• . . total enj^loyment is s^cienttfic and technical. Reports are semiannual for . * 

consistent reference dates — weekj^ including the 12th of March and' September . ■ 

. • Oc^cupational detail is meager-and there is no' separate identification of R&D 

^ ^ activity.^ K5«:^nsive beefing Up of occupational detail appear^ tONfee feasible \, 

and^mphatlcally is desirable both for employment information and" for ificreas- 

^ ing ^he utility of the sa^lalry inf ormatioif . , ' ^ 

. ■ ^ \ • y ' • - ■ 

Recommendation :. DOE should expand the occupational detail reported in ' 

the Contactor Hours and Earnings Survey Xo make the Hrformation more useful' 

^ f or manpower analysis. Occupational def^il shpuld^^be consistent with that 

proposed elaewhe^ in this report ^or ifrtramural and contractor .reporting. 

National Survey of Professional, Admin iTtralilve , Tec'finical and ; 
Clerical -Pay, Survey "PATl?" (BLS 1). This is conducted annually by the Bureau ( 
of Labor Statistics to shpw average salaries and rates of i^salary change in 
. rigorously described occupations in private industries. The'' measures* are used - 
as a basis for making Federal Government' pay rates comparable tc/ those ol . S^.. 
private industry for correspon|iing levels of responsibility. The survey covers >^ 



20^ occupations and work levels. , Thosi ^relevant "'to'' Science and engUaeering 
include chemist and dng^ineer^ (8 levels of each are surveyed --^ 2 ^ei^ try and 6* 
work levels),, and engineering technicians <5 levels) . ^ The data for individual 
^ccupations and work -levels ar^ used ;?oth by the Federal Goverpment and prlv- 
^ate ejp^loyers to assess the comparability of their pay structures with ^jjat of 
private indu^ry as a whole, but actual adjustments in the Federal pay struc- 
tureVtiaye usually been applied across the board to all, occupaeions ^ tbe ^ 
classified' service. ^ The PATC measures are ^e basis for the ia.djustments V ^ 
o-r^r^d by' the president's Pay Agent (the Directors of the C^vil ^ervice Com;, 
missipn and Of fife, of Management ajnd Budget acting^.n concert). For a few 
occupations in *the Federal Government , higher entry pay than the regular \ 
Federal scale has be^ permifrte^at least in part on the evidence of £he PATC 
findings. ) . L V ,* - ' 

This suAey is perhaps^the moit authoritativ^p and rigorously contrdlled « 
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• mealsure' of pay practices (both pay levels and rates of change at different 
St jges. of responsibility for ^pricisely defined' occupatidnis) ; yet. it is sub- . 
' jecV to 'the tdcknical ggnd political criticism that any acknowledged eviden- 
tlary basis for billion dollar decisions is. likely to r.^cei've. r The:;p^^lncl- 
-pal t^echnical criticism is^ that small establishment-s . ar^ excluded from the 
■ survey, but any upward bias ;this produces is les"* likely* to b^ relevant to 
pB|iyf^sional occupations ; than tjD other oecupatiohs wl^ere^^^^d i^i ^ 

"primary'* and "secondary", labot market Wy'/P^^^tices are kndwn to be ^^^^^ 
tant factors. , - f / \ v ' 

In add:^ion, state and i^>rSt^^ excluded 
frolTV th^ survey, but the. efTceqt- of this exyusion'^; Ghe pay averaged is not 
known".- Although the survey is/cc^tly, its ;p^^^ the likelihood that 

, it provides .the most ; accurate reflec^^ scales ,as a response to ; 

* supply and .demarid inf luences (as, w^^^^ institutional' and other inf luences) ^ 

suggests the survey would be' the '.appropriate statistical iNj^ehitle. ta serve ' . . 
\dOE needs as well as those of :tha Classifi Civil ^Sery^e^ Systerfb^ that it 
noi!?" served:. Authoritati^ev-re^ference b^se data on^ay scales in private ' ^ 
. industry will be es^entta^ if substantial expansio^i^^ Federally sponsored^ • 
> en^r§(y; R&D is. contemplated .-f ; \* ^ ^ '-^ 

Recommenda t ion : ^ D.QE : ^^uld -expj^e with BLS ^he enlargement o^' PATJ^T^ . 
survey'N:oV'erage :to include othet scientific and teclmical occupations an^ - 
R&D functions. BLS sliouM also be^urged to contiaue. the examination of the; 
effect of exclusion of siiMl firms from,*the measure and: to examine the effect 

.■ ^- ■ . ■ - .}■ - "'■-■■^ :'/:. ; ■ . ■ 

of exc'^uding governments-^ and universities. _ ' - ' ^ . ^ 

'.. ■■ ■ . ^ ." ' . — ■ -J- ■ 
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.x*\Of the extensive literaturQ^oHr^'clif ferences in pay/arid employment practices 
^y'^/ beCwee-n primary and secondaryNlabor markets, the following 4^o,r^-3^ illus- 
trati-ve and'^eypianatony of the relatively uniform and stable condj^ions 
applying to ;^e usual employment estaj)lishments of ^pi£ofessionals such ^s 
scientist's' an3" engineers,^ ^nd the m9re. variably conditio^^^ppli<9^ble to 
employment of^woi:Rers such as labpretjrS and operatives : Peter B./Doeringer 
and Michael J. Piore, Internal y^Labor Markets and ^ManpoVfer Analysis , texing- 
ton. Mass: D.C. Hs^th and Co.j'^sig?!. . 

r . • J ' ' - 



V. / National >Sample ^^f Scientists and Engineers (NSF 15.) ' Ih addition 
^- t'o the 'employment characteristics, (described" in the prei/lous feectioh)\ salary 

data are shown-, but. for a^ggregates ^and. not for the detailed- work catego'ries 
. ^which are cross-tabulated with oth-er components^ Salary dat^r f (jr. detailed/ - 

work and personal eharacteristijps categories are tollected frolfi th^ inidivid- . 
^''uals. surveyed, . but rt? is -not^lcnown dt'- cross- tabulations for salary and these 

other : components are *feasibxd^ or would ,havel\statistical validity. /! 



- *Recormnendatiop :. - The patentiaX fpr taMilafihg greater • salary .detail . 
;..:3hould be explored -by' DOE with tt^e^NSF sp^snsorS of the Naticnal- Samplfe 

■ ' - ^ • : ^- ' ^ r ■ ^ • ■ 

:Survey. « ^ ' ^» ♦ . o - ^. ^ \ ^ . * » . 

.' : vi. , Income of Families, and ^ersdns - "Census Bureau P-6Q Series (CENS 3) 
. Tti.e . income^ da^ dn^ an annual su*r-vey conducted through the. Cur*rent ""^ 

:^Po.p^latioI^^ the labor force is based). 

y,Arinu^i-'iTiCoq^^^ reported; by fercjad itrdustrY and occupational categories ] 
J. jaccouriting^ for ^e longest "emp'lcfymer^t during the' calendar year. Originally, 
-:t-he 'occupational detail* ^^s no'^^fiiaer than that- of the broadest cateRolsles 
(e.g.^, "professional, . technical and kindred personnel")', but with the expan- 
sion .^nd'refinement of ..the CPS' s^mple,^ data* have for the pas^ few years Jf^ 
been shown for categories stach as "eneiitfeers"" and ""seieAtists and mathema- 
-tJtians". fhirs' information^. could be- useful \in assefefeing thA comparative 
economic status fpr these professions as a wj^le but 4t woulcj be only-jer- 
ipherally relevant to t.He .concerns regarding scientists* and engineers in 
^energy R&D. Continued expat^on and refinement of ^the CPS sample, ^hich 
has been under consi^,^a4;ion , should make it possible for some more detailed^- 
occupational idetitif lections and a^^^^o]t)^ the. broad comparisons with^ptfier "^occu- 
pations that this general population survey permits, but the p;ractical 'pros- 



pec't; of securing specific energy R&D identification through foreseeable ex- 
pansion of a current population survey is remote. Expansion^.of eatery de-, 
tail oft energy R&D practitioners is. ^plainly more fe'asible in survey^^imed 
SLt establishiiients or individuals preyiousTy identified as (Conducting R&u 
activities than in a- broad-based, enumerafor-conducted household survey. ' 
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V L i . The Endicptt Report:- Trends in Employment of College and IJniversity 
Graduates in Business and Industry (also knovn as the Northwestern Univer- 
sity Survey (N\>nj I) Pfepared'by Northwestern University's Placenjent. Center . ' 

^Primarily designed as a self checking forecast of labor market pros-' 
pects of graduates, this- survey "Reports , company intentions and efforts' on the 
h«ing of graduates during the next year by offered s-tarting salary, with a 
folLow-up report on the extent to wljj^ich th^ese efforts were successful. Data., 
are given on number to be hired (and actually hired in the subsequent ^report) 

* by sex, salary level .and degree level for; oc/upational ^ro.ups including: 
engineering, chemistry, mathematics/statistics, and b nontechnical fields, - 
Data include distributions and averages of starting salaries predicted and 
actually offered by degree level and occupation. The sample is small and 
not rep^resen tat ive of small establishments, universities atid government, 
but nevertheless has proved to be a sensitive indicator of t ightnesss. and» 

■ looseness in the labor markets of broad occupational categories . (R-eview 
of the survey results for chemists SjJ*qws a persistent understatement- of pre- 
dicted ^starting salaries compared with actual starting salaries. The amount 
of understatement is, however, variable, and taken together with the reported 
di f f erences'^be tween pre^jlic ted . and actual hirings, appears to reflect variable 
condit^ions of supply and demand.) 

viii. Survey of Doctoral Scientists and Engineers . (NRC 2) Conducted bi- 
ennially by the National -Research Counc il pr imar ily for this. National Science 
Foundation, shows data- on an extensive range of characteristics for doctoral 
scientists and engineers. These comprise about 280,000 out of a universe of- 
roughly 1.8 million scientists and engineers, the difference repreisen t ing 
those without Ph.D. degrees. The data include median annual salaries accord- 
ing to .a variety of personal and professional characteristics-.' Data are also 
shown on employment status, utilization by fieldjof specializatipn and per- 
sonal and . prof essional characteristics including changes over time. > Some 
special uses are suggested by the variety of data, such ^as analysis of the extent 
of the gap in salaries between doc toral women and men scientists and engineers 
wi th /comparabl e characteristics and the degree to which this gap may have been 
narrowed 'or widened over rime. This surveys together with the National 
Sample -of Scientists and Engineers (NSF 15)^ and the New Entrants to Science 
and< Engineering (NSF 17) comprise the National Science Foundation's Manpower 
Characteristics System (MCS) . The particular value of this system is that 
the ' in forma tl'On is collected from individuates ra"ther than 'employers and 

♦ 

hence can include characteristics not always known to employers. 
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' -federal Employment, of ' Scientific and Technir^l Pprc;nnn_^j_ (nsf 10 

Based on tabulations of the U.S. Civil Serxrt^ Commission (CSC); and 
initially collected tf;p<3ugh an annual occupational^ survey of Federal agen- 
cies, the data are now derived from th<S regularly Updated Central Personne 
Data File. Analysis'and publication are conducted in cooperation with the 
National -Sc\ence Foundation. Coverage is of Federally employed scientists 
engineers, technicians and health personnel. Median salaries can be tabu- 
lated according, to an extensive range of characteristics, such as occupa- , 
tion'^Cby CSC serils)., highes.t de'gree, field of highest degree, age, func- 
tion (research'identified separately from devel^^pment) , .sex' minority 
^atus, grade, agency, location by state, and some' area identification , arid 
supervisory or -managemen t status, (this item introduced in 1977). 

^- College Placement Ccst mcil Annual Survey of Job Off'er^s to College 
Graduates (CPC 1). This source reports on number .of ^jobs and starting 
salaries offe-red by intlustry to graduates by field and degree level. The" 
fields include \he ma^or engineering specialties, agricultural science, 
math, computer scienceV biological science, physics and .earth sciences,' 
plus business, ace^mting, humanities and social science. The reports are 
bas-ed-on .offers ^received by graduates, which may be multiple for the indi-., 
vidual and. may also reflect duplicate offers made by firms knowing " that /' 
some of their offers will be rejected. The data reflect on-campus . recruit- 
ing efforts mainly by large firms.. Notwithstanding duplication in numbers 
of job offers and exclusion o.f a large part of the employer universe, the 
offering salaries may be indicative of large employers' percept ions^.of the 
supply/demand balance, and tlVe trends from year to year may re f lec t" chang- 



ing market conditions^ 
xi. 



Professional Societies. A number of professional societies 
collect and publish coingensation data.' Among • the data sources are: 

1) American Institute of Physics 

Manpower Studies in Physics. This series of studies includes: 




a) , AIP 1973 Register caVers 50 , OOP physicis ts , shows salaries" by 
various characteristics — major fields, highest degree, etc- 

' 1 

b) Some of the Society^ s oth'er manpower reports on subspecialties ^ 

and graduates in physics include compensation data . The surveys and analyse sN^ 
are generally, of 6igh quality 'for the group covered. Comparability with iO er 
salary data Is -not known. . ' * * 

(2) American Nuclear Society, Nuc leaf Employment Outlook (1975 ) (anS 1) 
This is an annual' survey of employers to determine manpower d^and 
for both experienced professionals and new graduates and shows .salary data 
for current and prev^Bis years, < 



so?n.et^ 



• ( 3 ) American . Soyigty, of Civi4 Engineers ^ ' 

a) Survey of ''Prof es^sion (latest, 1976) Conducted quadriennially 

of Hffembers and ^Includes salaries *and fringe benefits. ^ " ' 

b) Salary Survey , (lates>t , (l975) Conducted biennially since^ 1951, 
J^atest survey coverts 1 ,(jlOO'employei:s-'^0f^ 53,000 civil engineers. 

These surveys do not have particularized relevancfe to energy R&D man- 
■ s " . , . ■ . " • 

power, but provide background levels and trends on occupation^ with compar- 
able status. , 

' ( A ) Amfer.ican Chejnical Society • ^ . • ' » . 

a) . Prof essionals^ in Chemistry 1975 . — 

Includes (along with characteristics and employrfierlt data) pay data by 
level r>f ^degree and experience. It appears to be a carefully conducted survey 
with high quality analysis. The pay data (inducing over-the-year. rates of 
change) are compared with those from other sources (**Battelle" and "PATC") and 
appear to correspond rather closely. This comprehensive status report is .sup- 
plemented ann^lly by: ^ 

b) Report of Chemists^ Salaries and Employment Status, 1977 , 
Contains '95 detailed salary and income tables (separate for chemists and 
chemical engineers) including salaries by sex, employer, work function, 
specialty, geographic region,' ^ndustrial or academic employment (by * " 
functions, specialty, etc), and by number of suiJordinates , There are 
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series on starting salaries by degree. level (some of the data extending back, 
on an annual basis, to 1960) and on "comprehensive^' salaries. ' 

(5) Salary data are also .provided by a number of other professional 
.societies, by pro fessional newspapers and magazines, and by educational and 
other institutions. Among these are: . . 

American- Institute of •Biological Scij^n^s \^^^^ 
American MathematicalV^oXiety * 

■ • . ;.. Engineering Manpower Commission (^C 1) 

• y ■' . • " ' * ' 

• Y;: (Extervjsive regular publications on experienced * 

- en^neers' salaries, starting salaries, salaries 
rof technicians and technologists) 

National -Society of ^^Profess^onal Engineers 

• xii. . Salaries of Scientists, Engineers, and Technicians (SMC 1) This 
- sumjnary of a broad variety of salary survey's was prepared by the Scientific 
Manpower Commission. The '"publicat ion provides a thorough coverage of scien- 
tist and engineer salary sources and some comparative analysis of the data 
findings. UnfortSjnately , there is no analysis of differences in quality 
of data or data coverage of the manifestly disparate data series. 

c. Summary Evaluat__ra'n*'"of Existing Earnings Data Sources 

In areas of manpfbwef" information ^^er. ;than earnings , it Is^ of ten neces- 
sary to conver<;^r ^aKfe.tract tangentially relevant data from sources developed 
with little concernVTor R&D nianpover, and to impute findings for other groups 
.to those of R&Dtp^power. Fortunately, there? are earnings dat^ sources spe- 
cifically foci^ed on R&D manpower, or on the ^losely allied universe of scien- 
tists and ej?^gineers. J^'one of them, however, are so idea^y focused or compre- 
hensive,^ to Iprovide data' speci f icalif on that iraction. of the universe of 
sci^^ftisjts and ^engineers engaged" in energy . R&Q. The lack o6 precise rele-'- 

icy is not, hovever^^ the maj5r problem in obtaining accurate data that can ' 
be legitimatel3Kused in a i^anpower information system for the purposes de- 
scribed previously in jjcompara t ive pay analysis. - ^ 

Judged against other criteria determining usefulness, the presently avail- 
able information sources on earnings of energy RD&D personnel comprise a mixed 
bag. Data are fairly plentiful, but the levels of occupatiorA[ specificity 
vary widely. The pay data that are collected in surveys primarily . intended 
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to measure 6mplWinent status (such as "The National Sample" data, NSF 15) 
are published as generalize;d averages, aJfthough they are collected from 
individual respondents on the basis of specific occup'ational detail and 
possibly could have been coded ancl published in greater detail. Data com- 

/piled ^by various prof essional -societies on the i-^ members cover " disparat,e 

. fragment*^ of the scientist and^ engineer universe, but*provide the most 
current ajid most detailed glimpses available on relative pay and- pay^ trends 
for certain occupational categories. The 'surveys designed specifically for 
pay comparisons, s'uch as "Bat t'^^^e-*' (BATL 1) anS the ERDA Compensation Sur- 
veys (E^DA 9) , are the i?ipst comprehensi-ve for the relevant universe and best 
meet ^he standards of comparability that determine their utility, but ques- 
tions of statistical validity are ' associated with the broader' measure be- 
cause of a'low survey response rate. One of ■'the. most precise sources of; 
data on pay ^^cording to level of responsibility is the Bureau of Labor 
Statistics "PATC" . survey (BLS !) which includes chemists, engineers and . 

' ertgineerMng .technicians, along xfrith 17 other non-scientist/engineer occupa- 
tions. DarSs^frgm this survey ^are used to adjust Federal pay scales to levels 
of private industry equivalency, not-pnly for Federal cjiemists and engineers 
where direct comparison -can be made_with private industry pay scales, but for 
other professional occupations whose pay scales are imputed to those of chem- 
ists and engineers. 

Because average e'arnings. generally progress with experience, especially 
in professional occupations, it is important to have the data by age or years 
of experience: gn occupation with a higher average age will have a hig)ier 

average, earnings for this reason alone . Also, entrance earnings, or those 
for young workers, are likely to be more responsive to the labor market than 
those for older workers, ^nd so are useful for analysis. Only a few, sources 
givQ these kinds of. data. . * 

The Battelle National' Survey of ComperTsation (BATL 1) is qoi^ceptually 
adequate in coverage; although" further identification of the energy area 
would be useful and seems to be feasible,' The principal difficulty with this 
data ^ource is that the problem of statistical validity- has assumed serious 
proportions with a decline in industry cooperation and a consequent serious 
falling off in response rates. The problem may not be easily solved, but. 
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the^ importance of the 'fe^rnings information produced by this survey -and the; 
close, conreptu^l fit o.f i^ts universe of coverage certainly warrajit§ a^major 
review of the survey ,s performance and a major^ effort to improve i\s sta- 
tistical validity.^ The ERDA Survey of Compensation (ERDA 9), part Of whi>qh 
is included in the.'^Bat telle suryey, does not suffer from response, problems . 
If its repfjjes'entarivenes's for DOE <^n es'talDlished, it can be a^useful ^ 
measure of ^^he' f^ay practices, for this s^l^^p^nti^l part of' the enWgy R&D-^ 
universe Its principal deficiency;is lack of occupational raentification . 



Earniims data on a relevant universe are only one part of an analytical 
process reqAiring comparisons. The other par ts,, require * data on: 

1) The universe other^than k&D, so that comparisons .can be made of 
R&D S&E 'personnel .with scient;isDs 'and engineers no.t engaged in 
R&D, where mobility can be assumed To take place when pay differ- 
ences are' sufficiently great ;^ * ^ 

2) The spec;p.fic local i^niverse of R&D practitioners whose earnings 

are -being compared with the universe of all R&D practitioners. 

• ' . . ■ • » 

The fiir.st area of data — *the broad non-R&D universe — is found, im- 
perfegtly, in a variety of sources. The BLS-PATC surveys data (BLS^ 1) s^rve ' 
for a *fW limited occupations, those of chemist, engineer, and Engineering 
'technician. These data have the virtue of distinguishing fhe precise levels^ 
of responsibility that are ' impor tanti factors in differentiating salary levels 
Thje sjurvey serves as the data base governing changes in the entire Federal 
pay structure, and sensitivity about its integrity and t^he clarity of its 
intended purpose may present difficulties in using it: as. a vehicle for other 
purposes. It nevertheless seems worthwhile for DOE to explore with BLS th^ 
possibility of adding others oc^upa t ional categories to the survey or expand- 
ing the basic data collection in other ways, such as identifying the R&D 

func t ion of the presently included chemist and engineer occupations 

• . " 

The obvious use of data from the NSF-Civil Service files on Federal ' 
•• • ' ■ . • ^ 

Employment of Scientific and Technical Personnel (NSF 10) is for comparison 

of DOE and DOE-C-ontrac tor compensation with that of the Fedeiral Government 

as ,a whole, to answer such obvious questions as, does DOE have more high or 

low graded personnel than in the Federal structure. 
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>^ Other general pay soAirces are toa^broad and lacking in detail to serve 

for occupational pay comparisons, ^though they may provide useful indicators 

of trend or of shifts in labor market conditions. . • * . , 

i.. . ; ,: . . ... 

For tlte second part, data for comparing the overall , R&D universe ifith 

the local univers'e\of the DOE and l50E supported facilities, the basic source 

7 

shduld be t^at'-j)f the internal rep.ort'S of the DOE^ and the operating .reports 
of its pon tractors. The need for more detailed occupational data in the re- 
porting system af DOE an*(3^"its contractors is discussed elsewhere. It is a 

move that is high in priority if the end benefits "Sf information system 

. ■ • 4 ■ ■ ■ 

are to be realized. • „ . 

From a practical viewpoint, not all of the additional detail needed for 
earnirigs analysis can be included in the regular reporting system without 
making the reporting burden onerous . Some of the detail can be included in 
sample surveys of DOE and its facilities on a less frequent basis than the 
other regular reports. - The present ERDA National Survey of Compensation and 
its comparison analysis rely on detailed report's from 18 ERDA laboratories 
(ERDA 9) . This surveyj>will probably continue to* be conducted on a regular 
basis for the 18 facilities, but it needs some occasional, less frequent 
confirmation of what they represent in all of DOE. * 

d. Further Initi^ives for improvement and Development of Data Sources 

..The major areas of ^improvement have been outlined above- No new source 

*^ * ■ -ft ^\ 

of basic data is envisaged, except to the degree that provisions for collect- 

ing earnings data should be made wherever feasible within other vehicles that 

may be launched with respect to emplowient or other aspects of energy R&D ^ 

manpower. As we have rioted, salary data with occupational detail should be 

an essential component in the refinement of DOE and contractor operating data 

If other existing sources of earnings data are sufficiently extended or im- 

■ ■ ■ ■ 

proved, new sources need not be^develop 
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Exits and'^Interim Flow^ in Employment — Turnover , 

Mobility, Immigratipn , Deaths and Retirements ' , ' i - , 

^ 1' ^ ^ ~^ ' ... :^• . 

Introduction t , 

In assessing the fa,ctors influencing suppl\ i highly trained manpower^ 



in spejiiific occupational , categories, . the traditional primary focus is on 
levels o'f current efmployment and on rnitiaVx:arepr entries into the occupa- 
tional categories from educational insMrutions in which ti^aining^^or ' tm^se 
occupations takes place. The assessment is obviously not complete, how- 

^ ever,-^ unless other factors are also considered: ultimate exits from em- /j^^ ' 
ployment through death and retirement ar;d interim flows into and out of .the^ 
occupations reflected in job turnover, transfers in occupations and immigra- 
tion and emigration. Shifts in these interim flows sometimes are -signals' ' 

■ ■ » ' ' ..... 

of change in the'balance of "supply and demand within the 'occupational field ; 

sometimes they reflect the spillover of supply /demami forces in other occupa- 

tional fields or in o-ther countries; sometimes they are the result of totally 

exogenous factors And affect rather than reflect supply/demand forces \within 

the occupation. 

• Each of these conditions and vehicles of flow has to be considered 
, assessing current and estimating prospective, supply/demand situations- The 
^ measiures reflecting these flows can also, when correlated with other data 
within the manpower information system, supply answers to other needs. The 
information can, for example, be used'by officials concerned with efficient 
manpower utilization or with special problems in personnel management, or by 
* prospective career ^entrants and personnel, officers concerned with job replace- 
ment oppor^tunities (as well as employment growth) ; or by those concerned with 
^ broader social and. .^economic issues implicit in immigration and retirement, de- 
velopments or in developments relating to the layoff and quit components of 
job turnover. ' ,. , " ' 

Unfortunately, data sources on these factors are widely disparate in 

' ■ ^* ' ' ' ' 

coverage, qbality^ and statistical , treatment , and broad gaps ex/st in the in- 

formation on some of the component subjects. 

■\ . ' " . . - ■ 

b. Data Sources . 

i. Turnover ■ 

■ . ■ ■ , V . 

a) Report of Contractor^ Employment and Turnover (ERDA 2>, This is" 
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:based oh semi-annual reports to ERDA's Division of Labor Relations by each 
Government-Owned, Co'ntractqr-Operated (GOCO) facility. These 60~some'fa-- 
*c il it ie^s^employ about 90 , 000 persons , . approximately 40 percent .of whorp^ are 
scientists and engineers. The reports are aggregated for publication by 
type of facility andpShow 6-month total separations by component (layoffs ^ 
quits), accessions, employment at end o<f periofl (as "base for turnover, rates) , 
and promotions*. Detail is/^iven by sex, minority status and occupational 
category fqr indiv^^ual contractors » .The' ioccupatiional- categories are ex- 
tremely bto^'d, for example^ all prof essionals, all technicians, etc/ This 
broad classification of |^prof essionals'* tencfs to'limit the usefulness of,.' 
the data iii identif3^ing the turnover behavior of the many different occ^pa- 
tions within this classif icat.ion. Since, so many different occupations are 
included in this broad classif icat^ion , the usefulness of the turnover data 
is limited for identifying specific patterns and developments within occupa- 
tions. They c^n^ however, serve as 'tiseful indicators of general responsive- 
ness to market conditions by professionals as a whole. 

•The data are mainly intended as guides to management, particularly for 
comparisons ^ individual GOCO establishments to the norms on. nature and ex- 
tent of personnel turnover, and on ^adherence to GOCO employment and promo- - 
jtibn polic ies ' relating to women and minorities". 

. Additional analytical use can be made of the data as reflections of 
manpower demand forces ^ffe^ting government-owned vis-a-vis private facili- 
ties engaged in Energy activities, or vis-a-vis other" facilities employing 
similar • occupational categories of personnel. This kind of analysis would, 
however, depend on' the availability of comparable data (in statistical treat- 
ment and coverage) for *thBt other sectors to be compared. Such data are , 
scarce, except for broad aggregates by industry covering employed populations 
markedly ^different from those in'GOCO's. The other major measure of labor 
turnover, that of BLS, is only crudely applicable to the GOCO* measures re- 
lating to professionals in energy activities. . ■ 

r' Av.-'*^ - . . 

b) Currenfe'li^bor Turnover, Survey (BLS 3), is conducted by. the Bureau ^ 

[ ' " 

of;Lat)pr Statistics of the U.S. Department of Labor. This comprehensive . 

source of industrial turnover data . covers all employees in mining and manu- 
facturing industries. The reports show monthly rates- of all hires; new hires;: 5/ 
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total*separations; iVybf fs; quits; and' othe;- separations* No occupation^i 
identif iication is given; hence coinp:ar^^»sons with *GOCO, turnover data cannot 
be made for* analogous .work populations'. Inasmuclt as n/earlyMialf "of the 
GOCO work force are scientists and eagineers, and a mucfi smaller prgpor- 
tion of the .manufacturing work force is in these occup'ations , comparisons 
of BLS factory worker turnover trends to GOCO turnove'r trfends'are sorfl^- • 
wh^t strained. 'However/ identification of specific eftergy industr-ies c^n 
be made in the BLS survey, and the estimates can be useful in showing the 
overall state of the labor market ' in these industries for all occupati<;jns , 
as indicated by the rate, and conmositidn of personnel actions. 'To^ the 
extent, that the general state - orNJie labor market in energy industries 
affect.s the labor market situation" of scientistSv^nd engineers (and such ^ 
am inference may be warranted when the industries are <'expanding or contract- 
ing rapidly), BLS factory labor turnover , data can be peripherally useful 
for confirming trends shown by other indicators foi?^^^c^entists and engit 
neers. Turnover data in general have been regarded, as key inclicators of 
tightness or looseness in labor supply. Changes in quit rates are regarded 
as . reflecting wotkers' perceptions of ease or difficidty in finding other 
employment'. Quit rates do in fact vary inversely With layo/f rates and 
directly with employment trends : expanding job ' opportunities accompany, 
rising quit rates. , * , 

• Other Turnover Inf o,rmation . Some other turnover data have at var- 

. V —I — — ■■ ^- ■ 

ious times been developed for special purposes. 'The newest contender is 
that of the Bureau of ^National Affairs (BNA) , which has' deve^loped turnover 
and absence rates, with a smaller sample than that of BLS, for a wider array 
of 'industry sectors . These go beyond the BLS coverage of |naQuf acturing and 
mining industries to include other non-manufacturing, particularly .finance 
and health industries- The information is a- generalized reflection of labour 

market coSpditions and'the specific application to energy manpower is remote^. 

. } - ' . * . ' 

The cjata at. best provide a background against which to e'xamine work patterns' 

,^ • ^ ■ ■ ) 

that may be revealed among scientists and engineers -by other data, and which 

• ' , ^ . . . . 

raay,.ather,wise ,not be explicable. * . ' ^\ 



ii- •^^^ 'Mobility — Transfers to and from Other Qccupationis . An assessment 
of >potential gu-pply of scientists and ^nginee^s shoulS- incWde inf orrr^'tipn 
on shifts into an(5 out'' of (and among) their oceljpations , Relevant ihforma- 
tion would include t\\At on employment changes between one energy field and ^ 
another, between energy,^^|^^non~energy fields, ^nd betwee^^l in and out-of 
tl?e labor fotce statues.-- It should al^ include information on ^Ifts be- 
tween the field of ti:aining and the field in which employment actually I. 
occurs, since a number of empirical studies have shown subJ^antial difvfer- ^^-^ 
ences between the qniversity field of 'training and ^hat ot^e career either 
initially or ultimately engag^ If t^^ parametyfers of allied fields of 

recruitment for a given field of ^employment can he det'ferjnined, either by es- 
tablishing the^*^ug£_of employer specifications for filling jobs or by de-r- 
^ermining empirdcaT hiring patterns, more' accurate .assessments can be made 
of the potential labor supply for specif ic energy occupations^: 

•Some information is available sho^^ing that a substantial proportion of 
the personnel working in scientific and technical occupations got into this « 
work as a result of experience in other occupations, rather than through/ ^ 
formal education or training that directly prepared them for the j^r ' present 
occupation. ""In pai|t, this -reflects the\breadth of erducation received: 
students nominally ^majoring in one field' of ten take.,.courses that give them 
background relevant to other occupations as well. Much of basic engineer- 
xng education is a common core of all engineering spe(^l ties ,^ and, most ' 
science students take courses, in a number of sciences. Among- the Ssrge pro- 
portion of students who^ dropped out- of college or graduate^chool before 
getting a degree but who had leari>ed a substantial amount ^abVut- various 
scientific fields, there are some who, haying begun wpr^^'ln' other occupa- 
tions, are able later on to; get a job in k scientific ocptechnical occupa- 
tion. Part-time study while at work is anot^ier way in ' w1t|th people are ab/le ' 
to ach;Leve occupational mobility. 

These facts : help' to explain the substantial .degree . of^ mobility from 
oth^ occupations intp' "Various scientific and technical fields. Among the / 
relevant sources of mobility information are these: 
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, ■ a) EL'S Mobility Studies Based. »n 1970 GensuB .of Populatlon/pata (BLS 4)'' 

-^show that, for all' workers, 20 perce^^ of ""those employed^in 1970 Had been in 

- different specific occupations in 1965; among professional and technical 

'j^workers it was 4 5 prercent;* 24 vpercent of the engine.ers; 35 percent of the 

' / • . V ' > ' ' ' ■ ' 

•computer specialist^; 27 pei?cent of the Tuatjhematia^ specialists; 22 perc^t 

of the lifQ and physical scientists; and. 2^ p'^^ent x^f-thfe eagifteerlng^nd.; . " - 

science technicians employe'd in 1970 had b'een employed *in di ffe^rent o.cciipa- " " 

/ tioris i/i 1965.. (Because of the inclusion of cHanges fro^ the ^'>'oecupation \ ^ ^ i- 

. not reported**' in J965,to various ofccupatiorfs 111^970, "th^se inflows may be , ' 

exaggerated somewhat.) 

/ • labile mM,ch p.f thfs movement reflects tr^ifer aifiong individual acien-/^ 

- ^ . ■ . . ^' I ' • , 

ti^fic and technical occupations, 'a certain proportion of dt involves trans- 

fers from .other^ unrelated Occupations. Among young woj^kers this (^ften ' 2... ^ 

represents movement from a job held while a studfent to a scientific or tech- 
nical job held 5 ^ears later afte;: og-raduation; among older workers it . ^ 
more of\:en represents true upgrading. | ^ - " ^^ ^ 

^ To. get real insight- into these mo^^ments, analysis should be made, for 
• each occp^tion, of the c3tcupat ions > f-fom^hich workers come, ,and the age, sex 

and educational characteristics <Df the persons who make^each transfer. The : 
bare essentials df tlj^ data required ar^ available in the tabulations of the . 
%65~1970 censm^datf a; more^ significant i|if ormation on edutational attain- 
ment and fifiid of degree can be obtained from th^e— t)ost-censal surveys of 
scientific and technical personnel". For both data sources? sampling vari- 
, ability vtill make it difficult to analyze spec if ic^ occupat ional shifts by 

persona:|. characteristics. Among the striking " f in4fi.ngs of the 1965-1970 census ■ 
data is the very high occupational mobility rate of young men: half of those 

Five percent of the population were questioned during the 1970 Census of 
Population about their occupations and industries in 1965 as well as in 
in 1970. Part of the data was included in Census Public Use Samples, 
• from which BLS was able to reaggregate data for a sampling of 3 percent 
(instead of the original 5 'percent ]^ of the populatJLon. By ingenious 
. ™oross-tabulations and ana^^5^ses, BLS tracked occupational shifts between \t 
1965 and 197Q by origin and destination. For the analysis and some .of 
the tabulations, see Dixie Sommers and Alan Eck, ^^Occupational Mobility 
in the American Labor Force," Monthly Labor Review , Jajuaary 1977. See 
also the note therein regarding avajl-ability of additional analyses and i 
tabulations. Some of these are planned for future publication. ' V i " 
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* \N^whajfier^ 16-29* years of^^agev/ln J96^ wg;^C^^a different det^ffed occupa- 
/*^ion5i years later^.^ as compared to about 'on^^j^ifird-vf or tjhe young women.. 
3^mi>fvg botii men and women the mobility rat^es were substantially higher 



for younger than '?or older worK^M. ' 

■ 5^ 
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bgr-arphical m6bility can ^heoret^ca^ly be ^ factor affecting the 
upply/demand balance^of energy manpowe^^, l?ut eec^gVag^iEal imbalances -of 
manpower l^^e"'not often', bee?? cit^d asj a\B)arriei- to ach±evem4pt^of • man- : * 
power objectives/in .R&D^ctivities, "\Yhay is to say, lo^^^i'6nal dd^f fibre-nces 
between; supply ^.and demand are' not gend'mll'y held to bje i?wpon;sible £o^.faJ.lr: 



ures/' tp/ fill ©r ^' f ind ^TP j^bs , although specif ic individuals have pUnSoub ted- • 
lyi!i^^[ettjjerfns elves unavailable for "jX)bsNm some locations, and some, lo<;ations . ^ 
(Los Aiafet5s eomes to Aiind as an example) haSce' had to offer compe'nsating ameni- / 
ties^and perquisites to offset' difficulties qf^'^famil^ life in the-x^ork area.; / 
In general, hpwever , the Uiigh income leiffete of /Scientists and (^ngineers, com- 
■ bined'with a popularly reputed high mobility ihystique associated ,with those . 
professions » has diminished the importance of geographical imbalances as a » 



factor in their maShpower supply and demand. ^ ^ 

b) National Sample- of Scientists and Engineers , (NSF 15) ] (cited 
previously). sThis saftple from the;^i970 Census, surveyed biennially as a 
longitudinal survey, would appear t?o be the ideal -instrumei^t f or . tracking the. a. 
occupational shifts of those reporting themselves as scientists and engineers l,n 

* the 1970 Census. ' Because it is. a fixed cohort^, sample , new entj^ants into S&E 
occupations are not included^ and the identification 'of the sources of new man- 
power supplies' either 'from* other occupations or from school at completion* of 
training, or from various ^'holding pattern'' statuses which cliaracterize studen^t, 

- teaching or research support programs at varidds- degree Revels .would^ o£ cjourse , 
not be shown. (The holding pattern statuses provide a significant potential V 
source of supply for, some disciplines. For example, 48 percent of all new Ph:D 
chemists* in l^yS"— compared with 16 percent in 1960 ^ — were engaged in «sup- 
ported posjt-doctoral programs of study, J?eaching or. scholastic based research. 
This group can in some respects be considered to be available to meet fote- ^ 



* •Sontmerg and Eck, op . cit . , p . 15 . . . " , . 
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seeabl^ increases in inclustriaL and government demand f 61; , chemists . " Em-'* 
pirical- infomatiori on the job mobility of this and other S&E groups w^uld 
add materially to^ our knpwledgV of potential supply/) . ' 

, .The nationaj^sampie^dqes, howevej, ^permit us to trace shifts oJt of S&E 
work and s'hd^^ts -among-' categories , of ^&E work.. When the survey has»"been con- 
tinued -for. ^several laore dytlesy ^the patt?e>rns of shift* shown by the survey • 
C€f\ild px^ovide' a^* basis for judgment on, the 'f lexibilit^.,t3f ^arious sources of 
spr'ecialized^manpower . Xo m^et potential demands for ^-n^^^fower to perform energy' 
.RD&D.. ^^Unfortpnatelyv^ significant analysis of mobility ^patterns- 
^ ;o'f ^^me i-^ yet to be perf6rmed\#n the Natlona;^l Sample, since the longitudinal^ 
. str<dcture of^the sample .was 'estab lushed, only 'in the survey of 1974. Futu'^e • 
surveys aitd ai^alyses^ should permi^a be tter deterinination of patterns o.f 
occupational (;^nd possibly geographical) shafts w.ithin ttie" cohort and^attri-^ 
tions 'frqm -^itj bu£ unfc^fcr&unately no basis fo'V establishing^ the ni^ltude' or 
origin oX^entrants the occupations. ' .1 , 

* ii'i- Occupati-j:)>pal At trition Resulting f>r6m Deaths . FaY • lossea result-^( 
ing from -^^^tp, the >est available metho^d of estimation is the Life Tables 
developed by '^he "National CehtSr for l4al\h' Statistics^, Department of Health' 
Education and Welfar'e. These tables show annual death" rat^s by^ ^ge and sex. 
The rates* can. be applied to the. members of each occupation for which the 
numb.er at each age, by sex, is known . ^Occupational ^data by age and sex^are 
available f-rom the Census of Populatioil, from the post-censal surveys* of 
scientific and technical personnel, froVi the Ph.D roster maintained by the 
National Research Council (NRC .2) and ftom various other sources on* specific 
occupations. 



■ Theresas soitie -e^videncfe from- data/for 1950 that death rates for each age 
and sex group: differ'among. occupations^ and therefore the average ra^tes for 
aii persons, may not apply exactly to spdSsir^c occupations.. The data reflect 
the effects of health hazards' an^j^<C?fe styles prior t;a 1950 that probably - 
differed more among .^cupations than is true today. Moreover, those data ' 

* See discussion in-^ Prof esslon'als ,in Chemistry , 1976, American. Chemical 
Society, Washington, April 1977,' "t). iv. .^-^ ■ - 

Mortality in 1950 by Occupation and Industry , Vital Statistics: Special. 
Reports, Vol. 1961-1963. <issued bj^ Department of HEW) 
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have serious technical drawbacks. They are based on occupations as shown 
on death certificates, which typically ask for "usual- occupation" , and the 
Qccupations reported are in many easels different f^om those, at time of death. 
Moreover, since 1950, with improvements UnAprovisions for medical care such 
as Medicaid and prepaid health f)lans, with r^tkictions in industrial . accident 
rates, with greater availability of retirement options . (Social Security old 
age and disability pensions and private pension plans), it is not likely that 
occupational differentials in mortality have been reduced but it is also 
likely that fewer workers die while employed. Deaths have become a smaller 
proportion of total occupational at tri tion , » and any error in the estimate 
of deaths results in a le^ss signif i^arTbs error in the total. By one estimate, 
deaths alnounted to only one-quart.er of the combined losses from death and 
withdrawal from the labor force from 1965 to 1970. Therefore, fhe life 
tables for the entire pc}pulation may be a reasonably accurate way to estimate 
• the mortality losses from each occupation, or for any group for whicH the age 
and sex composition is known. • 

iv. Occupational Attrition Resulting from' Retirements . The traditional 
method for estimating deaths and retirements is to use tables of worlcing life, 
which show the' expect annual attrition at each age- for the male or .female 
labor [force as a whole, and to apply this to information on the age composi- 
tion of the members of each occlipation. ^ ^* 

The implied assumption that all occupations are suiiject to the same age- 
specific attrition rates is recognized to be Imperfect, but no better methods 
have been available. iP^ 

Recent research has developed occupation-specific information on retire- 
ments, and, separately, on transfers to other occupations, using several 
bodies of data — comparison of reports from individifals to successive surveys 
. of the Current Population Survey of the Bureau of the Census as to their occu- 
'national attachment and labor force status; reports in the 1970 population 
census as to each individual's occupation and status in 1965 compared -with 
1970 (BLS 4) ; occupation and labor force status as reported in National Sample 
surveys of scientific and technical personnel (NSF 15) as compare d^rwi-th status 
in 1970; and reports on the National Longitudinal Surveys conducted for the . 
Labor Department by Ohio State University. : . 

* Sommers and Eck, op., cit., p. 9- . 



** See "Comparisons with other^Data" discussion in Sommers' and Eck, "^Sp. cit., 
pp. 14-17. 



. The. source that potentially is most generally useful is t;he population^ 
census question on^o.ccupation and status 5 yeaN^ earlier- (BLS 4) . V/hile 
there are technical problems that make it diff.icult to interpret the data > 
(notably, accuracy of recollection of occupation 5 years earlier, t!he large 
nujnber of persons shown as "occupation not reported" for 1965, and mis- 
classification of current occupations either in the .respondent reports or 
in tabulations), the data show reasonable differential patterns of 
retirement, consistent with patterns coinciding with the age composition of 
occupations and the freedom of choice worker^ have to^ontinue to work in 
various occupations (e.g., self-employed Vs. employees). 

Since people who leave the labor force sometimes return subsequently, 
especially women, the data on retirements covering . 5-year periods are more 
reliable as indications of more permanent retirement than those fpr shorter 
periods. 

This can be seen in the fact that monthly separation rates for all 
occupations, as shown by the Current Population Survey, averaged 4 percent 
<in 1970; annual rates, as shown by the same source for 1973-74-75,' averaged 
8.6 percent rather than 12- times the monthly rates; and the 5-year rate;- as 
shown by the 1965-70 data in the population census, averaged 14.8 percent, 
instead of 5 times the annual rate. Similarly, the 5-year rate in scientific 
and engineering occupations averaged less than 2.5 times the 2-year rate shown 
in the post-censal survey of those occupations. 

Typical 5-year retirement rates for scientific and technical personnel 
shown in the 1965-70 tabulatioas from the 1970 population census were 4.6 
percent for engineers, 6.5 perdent for physical and life scientists, and 6.0 
percent for engineering and science te^chniqians . Adding the death rates cal- 
culated by applying age-specific mortality rates for all men and women to the' 
age composition of each occupation as shown in the census, average annual at- 
trition from both retirement and death may be estimated as 1 . ^ percent for 
ehgineering, 2.1 percent for physical' and life scientists, and 1 . 9 percent 
for engineering aod science technicians. The data are available for specific 

■ . - V 

* Ibid,, p. 17 . . . ; ■ ' • 

Ibid, p. 9. * . • . : ' 
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engineering, scientific and technical octupations , 

^' Transfers to Other Occupations . Data on transf^s are available 
from .the 1965-1970 tabulations of changes in occupational status in ''the 1970 
census of population (BLS 4) , from the post-censal sur\(^ey of 1972 (NSF 14),' 
the subseiquent biennial surveys (1974 and 1976 from^he National Sample of 
Scientists and Engineers (NSF 15)^ and from the National Longitudinal Sur- 
vey (but only for a few selected age groups and for a sample too small to 
give adequate occupational detail) . 

The 1965-1970 data are subject tx) . errors of recall of 1^65 status and 
occupation, and to failure to report 1965 occupation. The combined impact 
of these errors, ,is estimated to be an average 14~percent overestimate of 
transfers^ to 1970 occupations and a 6-perc4nt overestimate of all othjpr en- 
trants to 1970 occupations (i.e., from outside of the labor force and from 
the^ /^rmed Forces) . , 

The transferjS shown by the biennial national sample surveys (NSF 15) 
are not subject to the error of recall," since the 1970 occupations wer;e re- 
ported at the time. Errors of reporting, or of coding by the Census Bureau 
may,- however, be present. Another source of potential error is failure to 
get reports from all persons in these surveys, ^ which may be associated with 
greater changes in occupational status than was true of those reporting 
(i.e., persons who moved and changed jobs or retired were less likely to 
report than those who remained in . the same place and job) . 

On balance, the 5-year patterns of change in occupation may be better 
tha,n the 2-year patterns for projecting future changes, since the latter 
are more, subject to reverse shifts — changes back to th-e original occupa- 
tion or status ~ while the 5-year changes are more likely to represent more 
permanent shifts. 1 

The data are useful in measuring the substantial amount of occupational. 
moKility that occurs in the United States,, even in highly skilled occupations, 
requiring long jjericnds of training, such as scientific and technical fields.- 

S'om^ notion of the extent of S&E job mobility is fevealed, by the '1970 
Genus data. Among pefrsons who were engineers in 1965, 16.8 percent had 




transferred to a different occupation by. 1970; among life and physical 
scientists, 19.4 percent: among engineering and, science technicians, 30.0 
percent. These figures may be compared to an average for all occupations 
of 30.2 percent: i.e., the rate^of transfers out of engineering and scientific 
occupations was less t{ian that for all workers. A su|)stantial proportion of 
^ the transfers were probably to managerial or other scientific and technic'al 
occupations.^ The usual patterns of mobility to other occupations can be de~' 
termined by examination of unpunished tabulations available at the Bureau " 
of Labor Statistics' or Bureau of the Census. { 

The same errors noted for this source and the related surveys that can 
be used to check the^data, as described in tTie'section on Retirements, above, 
apply to the use of the information in measuring transfers to other occupa- \ 
t ions . ' p ' • '/^'' j^^ 

Transfers are also affected by economic • circumstances , particularly the 

labor market situation in each occupation in relation to that in other occu- 

patxons open t6 the same individuals. Transfer rates^ and the occupations ' 

to which workers transfer, will probabl^dif f er frbm time to time, depending 

on these circumstances. The effect pn the 'supply of scientists and engineers 

available far energy RD&D can be substantial, either, to increase the supply 

if the economic demand is comparatively high, or to decrease it if demand In 

other .^f ields is high^er and induces ati;rition in energy RD&D ^occupa tlons . 

/ This lends additfi6n^V^em[5hasis to.^the recommendation Jihat^Mihe questions 

; about >)i^ccupatiort 5 be Tejpe^ti^d- 'in^^ of Population; 

f ^, ^ in th^ data and 

. sample- size'.- %-^:\ . ^- .^ -y^ -'^ ^-^ y-'- - ' , ' ^ ■ ^ 

Recommeridat ionsi ^ • .1 

• 1. In order t p . ^^^^ mobility data available, the Bureau of 

Census should be urged to continue to -collie t ^the data on occupation 5 years 
earlier in each population census: to collect them on a sample larger than 
^5 percent, and to make 'the tabulations of 5^year>a^rtr^tatus and present status 
using the whole sample collected, rather than' just the Census Public Use 
Sample, which permits, putting together a safnple of 'only 3 "percent . This 

^ Ibfa,^\ 9. ' f . " ' . . 



V 



47 



would make it possible to obtain usable data on small occupations (for 19 
scientific and technical occupations the retirement loss* estimates were • 
not published because their relative errors were .more than 10 percent)'. 
The Bureau of- the Census should also be urged,, to take steps to improve 
the ac'curacy of reporting; this may involve research on factors affecting 
the. accuracy of reporting both for current and previous occupations. The^ 
Bureau of Labor Statistics, which fia^ tabulated the data in individual 
occupations extensively ^for, potential use in manpower analysis, should be 
urged to eliminate persons shown' in the data as "occupation not reported" 
and to make tabulations in which both. the number of persons transferring 
into and the number transferring out of each occupation can be calculated 
as a percentage of the number in the occupation in the earlier year,! so 
that the net transfer rate can be estimated. . 

2. While rhe 5-year retirement data are better^ than those for 
shorter periods of time par Li^cularly in occupations with significant num~ ' 
bers of women, otHer soured of data such as the Current "Population Survey 
tabulations and the results of longitudinal surveys should be used to check 
the data from' census questions on occupational status 5 years earlier. 
These alternative sources are not subject to reporting error resulting from, 
lapses in memory. The National Sample surveys may miss some persons who 
retired or left the occupation, as .a result of a differential, non-^response 
rate that may reflect^ lack of interest in scientific and technical 6c"cupa~ 
tions. ^ ^ . , 

The patterns of occupational retirejnent rates for 1965-1970 reflect 

the labor market situation and the availability of retirement benefits ^^as 

of that time. Subsequent repetitions of the surveys may show a range of 

/ - .. ' . • • 

retir^ement rates under different economic circumstances. 

Vi. Immigration and Emigration . Immigrants contribute subs^tantially 
to the American supply of scientists and' engineers: During 1966-7j3!, when 
S&E immigration was at a high point for recent times, the number of scien- 
tist's and engineers entering as immigrants each year was equivalent to 
about ane-fourth of the annual net increase in U.S. employment in these 
occupations. Even though S&E imitiigration in the past few years has de- 
clined by almost half from the* 1966-70 rape, the net^ddition to domestic' 
supply must still be accounted as substantial. 



Somq of ^the immigration is a response to the |!omparative high inten- 
sity of U.S. demand or to the higher pay and fiigher quality of employment 
here — or t6.:the.,ijnmigrant ' s percieption of "these factors. Some of the 
. immigration r^eflects exogenous .factors, such as political or religious 
repression in the country of origin, or the relaxation there of exit con- 
trols; In a study by the NSF of characteristics and attitudes of alien 
scientists and engineers who were permanent residents of Che U.S. in 1969, 
the reason for entering^the U.S. was most of ten to seek a higher standard of 
living (NSF 19)>. By individudfl country of birth, ^however , the primary ^reasons 
^for emigrating varied — ecoliomic faqtor^, for example, priinar.ily influ- 
encing tKose from the United Kingdom, Apolitical factors those from Cuba, 
and insufficient opportunist iei^.y to ddVresearch those fjom India' and China. 

In the operating statistics of th^ Immigration and Naturalization 
Service' (INS>- we possess an establisHed' data source, even though it is 
.imperfect, on the, number and kinds of immigrants; but there is no author ita- 
tive souTce of data on the reverse movemeint — emigration. 'This dat^ gap 
is" signif igant, since ad hoc and fragmentary studies indicate th^t there is 
a substantial outflow of potential U.S. manpower supply, which may be quite 
high among foreign born American citizens or foreign citizens awarded degrees 
at schools m the^U.S. (Most of the latter should not be termed emigrants.) 

* Robert Warren, "Recent Immigration and Current Data Collection," Monthly 
. Labor Review , Washington, Clctober^l977^ p. 40. Watren's conclusion is 
based 0)51 data collected until 1957,, by^the Immigration and Natura,lization 
Service on emigration of aliens. Between 1908 and 1957, 15.7 million 
Immigrants came to the United S^tates, . and . 8 million aliens emigrated.. 
> Also cited in this article are estimates of American citizeiji' emigration 
based on records of other countries in Ada Finifter, "Emigration from 
the United States, An Exploratory Analysis," prepared for the Conference 
on Public^ Support '^f or the Political System at the University ^of Wisconsin, 
. " 'Madison, August 13-17, 1973. In addition, significant proportions o^f new 
doctorates are awarcied to foreign citizens, e.g. 22 percent in physical 
_ sciences, 42 percent in engineering, 24 nercent In mathematics, and 31 per 
cent in agricultural fields. Using data on planned region of employment 
for these doctor^tes^ NSF has estimated that an average of ten percent of 
all sc^jBnce and engineering doctorates lobtain foreign employment. (Source 
NRC 1). This outflow would be an offset to the estimate of new domestic 
manpower suppiy from among graduates. 



Emigration data are plainly more (J^.fficult to collelct than immigra- 
ion data» unless international cooperation can be developed to pool the 
immigration, reports of .all major countries' on a basis thkt shows and per- 
mits' summarization of country of origin. There is a pricedent for , this 
kind of cooperation to procjuce consolidated data (or data that can easily 



be consolidated) in the export and import operations of* the country mem- 
bers of the Genefal Agreement on Tariffs and Trade. We believe that in- 
formation on international movements of manpower is sufficiently impor- 
tant to warrant positiv^' efforts to obtain the international, agreements ' 
that would develop such information. ^ 

Immigriants are admitted to .this country under a series' of preferences 

^^specified by the Immigration Act of 1965. Four b^sic groups of preferences 
are reserved for: 1) relatives of U.S. citizens or. aliens who reside here 
permanently. 2) persons in shortage occupations » 3) certain refugees, and, 
A) all other applicants up to the quota limit. Many aliens gain formal 
immigrant status only after their entry into this country under a variety -of 
-temporary visitor categories^ in which they are considered non-immigrant . 
aliens. Non-immigrant aliens contribute to the temporary supply of scien- 
tists and'; engineers as, students, gif ted temporary Visitors, exchange visi- 

^ tors, industrial trainees and intra-company transferees. Many of these "sub- 
sequently become permanent immigrants. Although under some cbnditions of 
shortage it . might be necessary to looll to Jioti-immi-grant ^lierts ' tb ^ilt)plement 
the domestic supply of scientists arid^ engineers, the as.sessment of foreign 
sour'ces of S&E manpower" can for most purposes be more practically limited 
to permanent immigrants. 

T4^ primary sources of data on immigrant scientists and engineers are. 
these: . < . 

• . • , A- . ■ ■ • . . . 

L. . Beneficiaries of Occupational Preferences and Other Immigrants Ad -' 
mitted, by Occupation , published in the Annual Report of the Commis- 
sioner of ImnTigration and Natur'alization ( INS 1 ) . 

These tables show the occupations declared by immigrants in their ippli- 
cations for immigrant visas according to two broad classifications of entry: 
entry under occupational preferences, and under all other pref erejices . The 
"all other" preferences cover relatives of U.S. residents and >esidtJ3l quota.- 
entrants and account for the majority of 'all immigrants as well as the ma- 
jority of scientists and engineer immigrants. . 



Ine data are deficient in two respectsf. the-occupat-ional identifica- 
tion is made by the applicant for immigrant status, and the perceptions and 
usages of foreigners in occupational terminology are not always in accord 
with those inL this country. Moreover, the occupations listed are those of 
the applicant t^ef ore gaining immigrant status; no regular follow-up is made 
to determine the Occupation of actual employment after immigration. --^^ 

2- Scientists and Engineers from Abroad: Trends of the Past Decade , 

1965-76 , published by the National Science Foundation in '^Reviews of 
^ Data on Science Resources" No. 28, February 1977 (NSF 16). - j 

• These reports are based on INS data, retabulated and analyzed. by NSF 
^pe6:j.fically from the point of view of examining scientist and engineer'^' 
supply from abroad. Although this is strictly speaking an ad hoc secondary 
source, the retabulations serve to correct and. refine the original data 
(3ome of which are not published) and place them in perspective with a vari- 
ety of trends and factors relating to the contribution of" S&E immigration 

to U.S. supply. These special tabulations, analyses, and comparisons with 

'* ■ * - " ' 

other . relevant data therefore provide a ref erence^^base for Understanding ^ 

^the current data reflecting/ INS operation of the immigration program, i 

^- ' In;migrant Scientists an d' Engineers in the. United States - A Study of 

Qharacteristics and Attitudes -. Bu1Tp^^n NSF 73^302 of the National . [ 
Science Foundation (NSF 19X.. "^"^r T ^ 

rvu' „ ' 

This represents one of the few atte^mpts at follow-up 'of immigrant 
scientists and engineers. It is based on a sample of immigrant residents 
of the U'.S. in 1969 who attained immigrant sta^tus between 196^ and 1969 
afld reported themselves employed as scientists and etigineers in the regu- 
lar arinual alien registration in 1969.; The. survey developed information . 
on reasons for immigrating; demographic and^ educational characteristics, . 
employmfeat^us and appraisals of living and working conditions in the 
U.S. Unfortm^^tely^^^^he survey was not based on immigrants who reported 
themselves as scientists and engineers ->in their application for immiera^ ^: . 

(sii>c^' the application records were riot consolidated or- easily 
accessed)^; hence no comparistM^s could be made betveen the declared occu^^^ 
pation of •the alien entrant (the basis for the INS immigrant occupatioiT^ 
data) and his subsequent U.S. employment. 



A. A number of other studies have been made of ' immigrants aS a source of 
manpower supply in the U.S.-, but few of them focus or contain significant 
information on scientists and engineers. Among those sponsored by the 
U.'S. Department of Labor's Employment and Training Administration on 
legal and illegal aliens is one which is relevant, in a general way, 'to- the 
issue of occupational identification of applicants for immigration and their 
•^ubsequent occupation of employment. 'David Nprth's "Immigrants and the 
itfterican Labor Market," ( Manpower Research Monograph No. 31 , U.S. Department 
of Labor, Washington, 1974) reports ^.n a comparison between occupations de- 
clared on Visa applications and a follbw-up of subsequent empjLoyinent . The ^ 
,l?ajBic information, incidentally, was obtained with .gt^eat' difficulty only 
after Special efforts by the INS,, DpL, and the project staff. Significant 
among the f indings was that of- sul^stantial .slippage between the stated' occu- 
pation before immigration and actual occupation afterwards. Unfortunately, 
the level of detail did not go below th.e'bro^d category of professional and 
technical occupations to identify scientists and engineers, but the findings 
at the broad occupational levels was that of slippage downward from the 
reporte^d occupational categories with -^traditionally high socio-economic . 
status, and mob'ility upward from tbe bccupations with traditionally low 
'socio-eeonol^c status. While the conclusions of ' this sinall-sc ale" study 
are not definitive, they poiiit to* the need "for further exploration of the 
occupational informatipri^ on iminigrants and for better accessibility of 
data to make such .eOcploration . 

' Recommendations : * 

1. DOE, in cooperation with INS and other interested agencies, should 
examine how' technical support can be given for the improvement of statisti- 
cal>t^.operating data on immigration, with particular emphasis on improved 
ciaJsi¥i:cation, 'tabulation and > publication of occupational information on 
applicants, f^ immigration, and for the consolidation of the original appli- 
cation'data so that they may be accessed for special analytical needs, with 
due regard given to the cqnf identiality of these reports'. DOE /should urge ' 
INS to include more detailed instructions in the application for immigra- 
tion, and more tietailed instructions should be supplied to. consular bffi- 
'c.ials to improve the accuracy of occupational designations of applicants 
for immigration. Checklists and definitions should be supplied on critical 
occupations and on those subject to preferential admission . 



2. DOE s'hould urge that occasional fallow-up surveys be made on the employ- 
, ment status of rlmmigra'nts. A -key objiective should be %o trace the employ- 

meht contributions of S&E immigrants subsequent to their stated pre-immigrant 
occupational designation. . ' , ^ ' ^ 

3. DOE, in cooperation with INS and other interested agencies, should ex- . 
amine the feasibility of developing information ^on the emigration of U.S. ^ 
scientists and engineers, in order to fill a significant gap in our knowledge 
Of S&E suppl}!. As a' first step, t]ie INS should be asked to consider the re- 
instatement of data Collection ori emigration ^of aliens from the U.S. that tt 
con(^ucted ^from 1908 until •'IQS?. Emphasis should Ije given^ to' collection of . 
occupational information. Additional and more extensive studies such as those 
of Ada Finiftet (previously cited) should be ,d evised to 'develop emigration 
data from the immigration records of other countries . Th'e example of con- 
solidated data on imports and exports by country of origin and destination, 
now commonly exchanged by signatory nations ^o the General Aj^reement on 
Tariffs and Trade (GATT) should be considered as a precedent and model 
procedure for extension to immigratiori'^data through other iaternational 
bodies • Ttjie DOE should ask the State Department to initiate suclh* a move' ' . V 
with the OrganizatioTi for Economic C-ooperation and~Development (OECD) . If 
consolidated immigration-emigration data prove feasible and useful in* the 
OECD,' a:s we believe it will, institution of* such data in the wider sphere , 
of the UN should be considered. 
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4 . . Measuring tfie Current Balance of Supply and Demand. ' . . " 

Some 'of the data needed to assess: the labor market situation^' in occu- 
pations identified with energy RD&D have been described above in the sec- 
tions on earnings and mobility of labor supply . This -.section will discuss 
o^^r^Wciicators of" labor market dynamics that are particularly sensitive' 
• J^changes in supply and demand, such a/s cfata on the placement experience 
,^f gra'duates, statistics on job applicants in the public employment , ser- ' \: 
. vice,"s*L2mt~ads, and immigration and emigration. ' . 

■ ■ \ ' ■ ^ ' / ' ' 

a. Placement Exj)er:ience__o_f- Graduates 

The current labor market supply /deman^ situation is revealed in part 
by the* comparative experience of graduates in scientific and technical 
specialties in getting jobs and the salaries they are of fered or paid. ♦ 
ITiis experience is shown by systematic follow-up- surveys of a cross-section 
of graduates some months after graduation, to ascertain -t^t jobs they . 
foiind, whether or not ,the jobs were in their' specialties or in related 
fields, and the* salaries paid. Several such surveys have been made.„ 

i. NSF Survey of Science and Engineering Graduates .(NSF 18). In 1976, 
The National ScTience Foundation <NSF)' contracted i^ith Westat, Inc. (Rockville, 
I^aryland)^^ to conduct a, follQw~up 6jj^^v^ of science and engijieetimg graduates 
■^t the tachelor^ arid master's degriee . levels / The survey sample was .over ' 
7,000 at the bachelor's level for two graduating classes and nearly 1,000 at 
th^_giaster's degree level. NSF ijas again contracted with Westkt to conduct 



a similar survey in 1978, covering graduates of academic years ^972 and 1977, 
The survey plan includes a sample of 1 , 000^'bachelor ' s and 57Gt master's re- 
cipients for each year and for eiach of seven, groups of ''science and engineer- 
ing fields amounting to a total of over 21,000 names.* .Data will be col- 
lected on such subjects as: age, sex, race, field of • degree , employment 
status (including science and^ngineering fields, type of employer /salary , - 
work»^ctivity, field of critical nat;ional iraT^erest, such as energy, and 
support by Federal agency) . The prpblem of non-response to mail q^uestion- 
naires — always a weakness in follow-up\ surveys betause of. the possibility 
jLhatrnon-responde'nts may differ from resptbndents in such characteristics 



ft. 
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.'.as success in finding a job in the field — is being worked on seriously 



by the survey Agency in an attempt to minimize' its effect on ^ii^r' validity 
"of the figures. . . . . * • 

Recommendations : This , survey has the greatest potenttial for gi^J'ing 
DOE a picture of the current labor market* for graduates in scientific arid 
technical occupations, since the sample is large and concentrated on gradu- 
ates- in these fields, and since salar^^, wor4c activity and involvement with 
euer-gy-are among tlie— items collected-. DOE jshould work with the ^v^s^onsoring 
agency to assure that the f ield-of-degree and f ield-of-work tabulations 
meet DOE's special ne^eds. - . . v ' 

ii. NCES Surveys of College Graduates (NCES 5). A survey of college 

gradoates of 1974-75 was ^conducted, for the National Center fc5r Educational 

Statistics by Westat, Inc. in 1976. It focused on producing estimates of 

the supply of. new teacher^ j but included a cross-section of all college 

graduates, 4,000 with ba/fjf^^lor's and 1,000 with master's degrees. The 

response rate, 79 perce^, was good for a follow-up survey. The numbers of 

graduates in scientific and technical fields were too few to give -inf orma- 

tidh on unemployment and under-employment for specific engineering and 

. - ■ ^ * / 

science fields, and while an estima'te of Chose employed. as engineeirs is \ 

being 'pubrished, no separable figures were .available for the numberk employed 
^ in ^scientific occuj^^atioris r ^ This survey* is therefore not as useful for DOE's 
purposes as the su^ey^ done by the same firm for NSF. It does,' however, 
show the number 6f graduates with degrees in other fields "who ^get job^ in 
scientific' and technical fields. Moreover, it has value »in setting the 
labor market picture for scientific and technical personnel within the gen- 
eral context of the market for other types of graduates. If the market in 
scientific fields is substantially different from tb^4f in other fields there 
may be a tfend^ency for-' students to shift to the more fa^rable fields. NCES 
has contracted with ^the National Opinion Research Center to conduct a simi- ^ 
lar follow-up of 1977 graduates.. ' 

Recommendation ; DOE can utilize the resu^^ts of this survey in tracing 
shifts intG arid out of scientific and technical fields and in appraisal of 
future .supply of workers in scientific and technical occupations, and should 



urge the NCES to get breakdoi^s. of both the degree fields and the. fields of 
employment that are relevant to DOE concerns. ^ ■ ■ ' 

iii. College Placement Council autve^^ ^ (CPC 1). A more timely, but 
■less accurate, picture of tha. ;^bor market for scientific and technical gradu- 
ates may be obtained from surveys made by ..the College Placement Council, 
Bethlehem, Pa., and/by Northwestern University,^ Evanston, 111., both of which 
have bpen described under Earnings, above, , 

The College Placement Council data are based on a sample that Is not 
necessarily representative, and ^reporting -is iilcomplete ^^nce not all offers' 
are reported by students. The -numbers of offers can only be evaluated by 
year~tp~year co^iparisons , which are paytly invalid^ed by 'changing samples 
and changing .styles in recruitment actavities unrelated to suppy and demand 
In sunqpary this survey's results are a straw in the wind, and far from de 
' finitive, but they add to an appraisal of the current situation/ 

iv. Nortnwestem University .("Endicott^') Surveys (NWUil. 'This annual " 
survey reports' each Fall l^w ma^y graduates large companies hir^d in the 
past year and at what salaries, and how many they intend to hire in the 
coming year, and the salaries to be offered. \ In the. report, intended hires, 
and salari^^s are compared to those for the previous year, by degree level, 
occupktion and sex. From this* if is pesslble to . j.*udge whet^her or not the 
market ,for gr^s-^^lates'Tl^^hanging . - • . . ■ 

Xhe sample^^is, of c'ourse, not represi^ntative of the entire ma^^t, since 
it omits small employers, universities and government agencies. It does,, 
however, present d moire complete picture for these large firms , /Qnlike the 
College Placement Council survey (CPC- 1) , which misses any jj9b>^of£ers gradu- 
ates fail to report on. Occupational detail is npt as specif^^^as could be 
desired: tTie only technical ^occupations reported are engineering VjCiieinis try , 
and mathematics/statistics. Employment of phy3icists, other ^jhy^'^L- scien- 
tists and biological scientists by industry- is large enough, to warrant sepa- ' 
r^te reporting, and a request for inclusion of these fields should be^ made • 
to the Council . Another 'suggestion that should be . made is* to tab ul a.t e * com- 
parisons of 1:he actual hires with the intentions expressed 'on the previous 
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year's hires. - . ' . . . ' * 

Recommendations DOE^ should suggest that natural scientists other- - 

than chemists be tabulated, amd that tabulations' be made 'co m paring Inten- 

tions to hire ;jith act^ual hires by the i^e firm. ' . 

- ■ , ^ ^ ., ' ' ' ■ 

■ V. ^ Surveys by professional societies > ; A riunjber of ' prof essional 

societies make follow-up surveys of , graduates, in their 'fields , U3ually by ^ 
sending questionnaires- to of fl<iiais of c the schools or departments' who , keep- 
in tocrch^ with their graduates . One of the best-established of these sur-- ^ 
r veys is that conducted .by the Engineering M^npX)wer Coiranission of thfe En- 
\^irveers' Joint Council; (ENC-2) . . The Qpver'a^||o*f engineering' schools 
very good, but:,^^as with all follow-^up' surveys ,' a significant number of 
graduates ^are missed, dnd this could substantially, affect the ^number shown 
as une^ploygid.. Nevert;heless surveys like , this pick'^up the trends ^n.the )j 

• labor market effectively — the- number of bachelors' degree engineering ^ 
gfaduates with no job offers rose from l^ss than 1 percent in 1969 to'14..^.J- 
percent in 1976. Other major efforts of this type are conducted by- The, ^ 
Am^erican .Chemical Society, The. American Instituue of Physics, and The • ' 

• America^ Geoldgical .InstLtu'te . - - ^ 

b. Wantj Ads ' ' " ' ■ . ' , 

Employer advertising. of positions . they wan t to fill has been found by 

thfe Conference Board* to^be a g^od 'Measure of changes in the labor market , - 
'situation,.* and an index based on thfe amount of classified-advertising in 
.newspapers, throughout the country has been found to' correlate wel'l with the 

level of unemployment J ^nd actually to mpve in advance of changes in ,unem- 

* ' ' • * ■ 

„ployment; in o the r^ words ,"" it is one "leading' indicator" of labor market 

changes . ' • ' . ' . ■ ^ . » 

A, similar index^ specif ically tor scientists and engineers, the Engineer 
Scientists Demand Index (DSE 1), is compiled by the firm of Deutsch, Shea 
and Evans, in New Xork...^ ft 1^ b^sed on advertising^ in newspapeVs^and' tech- 
nical journals., and. is issued ^nqnthly. Mo detail is given for indi-vi^ual .. 
occupations.^ *The incfex can be Vi^ed as a rough Indicator of changes:, in 
the level' of , demand for scientists and engineers, but there is n'o cl^iml 



that the sample of newspapers and journals is representative, or that the' 
measure — number of lines of type in classified ads and advertising in 
journals — accurately reflects the intensity of demand. Th^ index has 



to be ^sed cautiously, and together with other intiices. ' / \ ^ 

. Recommendation : DOE .should suggest to*^-the Deutsch, Shea and Evans 
organization that s^eparate f igures for such major groups as engineers, 
natural scientist?, and computer, analysts be tabulated;^ this would help 
to pinpoint the kinds of workers in demanpd , and it^shpuld be feasible \ 
since the advertisements usually specify the occupations squght. 

c, . Counts of Job- Applicants . , 

'■^ the operating statistics of the U.S; Employment Servi<:e and its 
cooperating State agencies proyide . inf ormat ion on changes in both man- 
power supply and demand. Their measure of the supply is the number of 
applicants in 'the files of the State employment services ■ (ETA 1)^. K^ile 
Scientists, engineers- and technicians do not typically use the public em- 
ployment ' service as much as^other channels fo'r'^ job-seeking, when jobs are 
particularly hard "to get the number who* use this service tends to, increase. 
The aibplicant files, then, are a potential indication of the labor market 
situation in tHese oCcupat-ious . only when th^re is a surplus of " j ob-seekers . 
The Department of Labor keeps ^ c6fhput erized file on applicants by occupa- 
tion (with detail on^several^^hiindred^occupatlons) , and tabulations are made 
quarterly. ■ The applicants include some who are employed but who want 
'better jobs; th^y may be considered — and/.prSbably consider themselves — 
as under-employed. j ..^ > ' 

The Employment \Service measure of employer demand is that of unfil^led 
Job Orders or Job Openings, that is, job prd^rs that have remained unfilled 
orvaca^t! generally^s of.the end of a calendar month (ETA 3). The most 
useful summary, sourtes^. of. these operating data are included in two mon-thly 
publications: , Occupations in Demand ^(OID) and JOB-FEO.^ (Job Bank — 
Fr.equej;itl;y Listed Occupations). Tha reports are similar, but represent 
somewhat different samples of the total operating data based on* different 
selection nnd • inclusion 'criteria, and they take analytical approaches in- 
tended for diff.ercnt audiences. The OlD publication is basically intende'd 



for guidance of the job seeker; JOB-FLO is of principal use to the labor 

f ' ■ 

market a^halyst . 

Other placement, data ; The major professional societies conduct place- 
ment services, usi^ly at^ their national meetings, at which applicants and 
recruiters ari^lgiven an opportunity to meet each other. - In formation .on the 
numbers of applicants and the numbers of jobs for which recruitment is going 
on are often developed by the societies as a by-product of this activity, 
but not systematically collated an^ analyzed. 

^ A uniform system of reporting on these . placement activities might be 
a useful additional, source of information. A way in which a start might be 
made\.in developing such a data source, and improving the placement process 
as well, is being shown iit a 'demonstration job bank project s-upported by the 
U.S. Department of Labor with the American Agricultural Economic Association 
and the Illinois Bureau of Employment Security." In that project a compu- 
terized file of agricultural economists' qualifications is being established \ 
for electronic matching agains t employer job orders. If a system like this \ 
can be made uniform* among various professional societies, and reports on .the \ 
job orders and placements then collated by occupation, a signficant new 
source of information on professional supply and demand would be produced. 

d. Immigration and Emigration - ^ 

Trends in movement into and away from the United States could reflect - 
the labor market situation for scientific and technical personnel. Immigra- • 
tion dropped sharply after .1971, when there was ^ an unfavorable job sdn:uation. 

, At the same time, migration flows also reflect? situations in^other - 
countries, an example be ing the large numbers [of refugees from Germany and 
Austi^ia in the period of Nazi ascendancy in the 1930/ s. Situations, in coun- 
tri^es of origin can be such that people want t^ get into the United States 
whether or not it is easy to get jobs. The reverse may also be true: life' 
in general or employment opportunities in particular in other countries may 
be attrac^tive to some U.S. residents regardless of the employm.ent si^ti6^ 
here. Also, immigration policies.of the U.S. and" other countries change 

* "The Development and Assessment of an Experiment'sl-Pull-'f ime Employment 

• Service for Agricultural Economists," Grant '21-21-73-42 . Project de- 
•sciription in Manpower Research and Development Projects, 1975 , U.S. De- 
partment oCJjabor, Washington, 1975, p. 7 ' ■. 
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from time to ^time,' with a nfejoi;" effect on migration flows regardless of 
. supply /demand situations.. The present U.S. policy is such, however, that 
the domestic employment situation in the various occupations affects the 
ease with which imniigrants with those skills are admitted. Mc5^eover, most" 
immigrants who are workers enter under preferaoce quotas unrelated to occu- 
patft)nal scarcities.- On balance, migration statistics, while essential in 
evaluating changes in supply, are imperfect clues to the U.S. labor market 
situation. -'f , • . ^ 

Data ori> inimigration and emigration are discussed in the section on 
labor supply, and the discussion will not be repeated here. . . 

e; Unemployment , 

A good general index of the labor market situation for an occupational- 
group is the unemployment rate. ^ 

The national data 'on unemployment available monthly from the Bureau of 
Labor Statistics, collected in the Current Population Survey of the Bureau 
of the Census, is regularly tabulated only by. broad occupation groups, of 
which professional, technical; and kindred workers is one. ^ Data on uhemploy- 
ment rates are tabulated, but not usually published, on large occupations - 
such as^ engineers. The reason why they ^^e^ot usually published is the 
large sampling error asspc^ated. with the unem^oyment rate for groups of this 
size. If, for example, the rate for engineers' were to be reported as 2. per- 
cent, the chances are about two out of three that, if a complete census had 
been taken instead c5f a sample survey -that the rate found would be within 
the range of 1.4-2.6 percent ^ and there is one chance in three that it would 



lis ra 



be outsaifethis range. A smaller sampling error can be achieved by averaging 

the rates for a quarter or for a full year. While this is hardly precise in- 
i 

formation , it' adds an independent current indicator of the labor market situa- 
tion in scientific and technical occupations nationally. No occiupation da-ta 
are available from this source for states or smaller geographic areas, nor, 
of course, fbr energy industries. "* ■ . . ^ 

Recommendations : In appraising the current labor market situation for 
scientific and technical occupations generally, DOE should obtain unpublished 
. unemployment informati(jn . from BLS. ^ _ ^ . 
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f. Summary Evaluation of Existing Data on the Current Labor Market 

^ Information for* analysis of -the current supply/deman^ situation comes 

from a number of diverse data sources. While some 'are better than others, 

' . . ^ * ^ ' 

all shouid be -consulted for whatever light they may shed on the situation. 
• . Of the various surveys of the employnfeprt exp^ience of graduates, the 
NSF survey "of science and engineering graduates ^i^ the most valuable and 
' relevant. Unemployment dat^ for scientific and technical workers from the 
Current Population Survey and labor turnover data for energy and energy- 
related industries should be obtained, ^Information on job applicants at 

i . 

the public employment service and on immigralzion and emigration will be of 
value only occasionally: 

g. Further Initiatives for Improvement and Development of Data Sources 

A. A manpower intelligence network . DOE conducts and supports energy 
Rd'^ in a wide 'variety of programs, organizations, industries, fields of 
science or technology , . and locations thrc^lighout the United States. Under 
these circumstances, staff project directors and' personnel officers are 
aware of current supply and demand problems for personnel involved not only 
for their own unit but also for allied and even competing organizations. 

It is recommended that this resource be tapped: that thos^ responsible 
for manpower'' assessment in the Department establish a 'Snanpower intelligence 
netvoj^" of key ijidividuals in each intramural laboratory, GOCO or^nization, 
and possibly even in some other organizations working on DOE grants or con- 
tracts. ' These individuals wouldlbe asked to supply at intervals' (such as 
every 6 months) a response to a half-dozen questions on the labor market 
situation for scientific and technical personnel. Among the types of infor- 
mation they might be asked to supply are: occupations (by specialty) for 
which recruitment problems are present or emerging; knowledge oi similar prob- 
lems' in the DOE contracting network or even in other or ganizations j infk^rma- 
tion on training deficiencies; unique or unusual changes in salary levels and 
unexpected turnover or mobility experieijcesf (recruitment by competing orgaaiza- 

r ■ ■ y \ 

tions or other factors). Other items can be added as experience indicates. \ 

The key to the success of' teportin^g from the ^'manpower intelliger^^^ie net-r 
work" is to secure the cboperatiQn of respondents without^ creating -unusual 
reporting requirements. - 
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C. EDUCATION AND TRAINING? OF ENERGY RD&D MANPOIvfER 

,,-\ ■ .-^ • . ■ . - ^ . 

1 . Introduction - . * * / 

Since much of the manpower directly relatable to energy research, de- 
velopment and demonstration programs consists ^primarily of highly-trained 
engineers, scientists, technicians, and selected' craftsmen, most of the 
supply of manpower for these occupations flows firom established programs v 
in the nation's educational institutions, or other training centers. The 
current pool of persons employed on energy RD&D programs is augmented 
mainly either from new graduates and nongraduates of universities, 
colleges, and other institutions or from previously graduated scientific, 
technical, and craft personnel. Other sources of supply are o'f course 
immigrants and ti^jB^fers from* n6n-science and engineering fields or train- 



ing. • 

However, most of the available scientific and technical manpower, not 
only for energy RD&D but for all R&D and also all other scientific and tech- 
nical activities, are products of our educational system. Therefore, for^ 
basic information^ on current, as well as projected, supply and for assess- 
ment of , its relationship to de^nd for personnel, it is vital that an ade-^y 
,quate data system on the ' education and training of scientific and technical 
personnel be available. The level of educational activity affects the de- 
mand side as well, though to a lesbBV extent: the number of persons enroll- 
.ing in and graduating from s^cience, engineering, and technician, programs 
create specific requirements for teaching personnel — that may be coi^eti- 
tive with energy RD&D and other requirements. 

Our system for education and training as preparationMor employment 
and careers and the actual employment graduates enter is not tight or pre- 
cise. In most instances a graduate in almost any field can be said to have 
received an educ^ation much broader than his later jobs require. * Our 
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system of higher edication — - universities and colleges, including community 
colleges and technical institutes — produces gT;aduates in subject matter 
areas, e.g. chemistry, aeronautical engineering, physics; or mathematics. 
But, in general, other than in a few specific areas, our; schools do not 
graduate persons trained to work on enetg^ specialties, such as coal gasifi- 
cation research or solar energy cells. ^The few exceptions are nuclear eagi- 
neering, radiation protection (health physics), petroleum and mining engineers, 
OX geologists and geophysicists , though some in .the latter fields work on/ 
metallic or non-energy areas. It should be noted that many employers and edu- 
cators of scientific and technical manpower support the system of more gen- 
eralized preparation, since it usually is much broader than j^b requirements. 
Thus, employers can provide the more specific job related tra.ining or exper- 
ience. ^ 

2. Major Statistical Sources of Information 

There are several agencies, organizations, or groups of them which serve 
as- the major sources of information on enrollments and/or degrees (or awards) 
grdntecf in sciemrlfic and technical fields! T^e major sources of information 
or aata collection systems are. shown belpw. As indicated above most of 
these aresourges for education and training of scientific technical, and 
craft personnel in general, not for energy R&D per s e . Relevance to the 
latter specific area wilJL be noted for each source. (See Appendix B for 
further description of these sources) . . 

a. Higher Education General Information Survey (REGIS) 

,This series of surveys brought together in an integrated package by the 
National Center for Education Statistics (NCES) of the Department of Health, 
Education and Welfare is the most comprehepsive coverage-of higher edjucation 
data. Though the content changes somewhat oyer time, certain parts of the 
survey are standard. Such surveys which are of relevance to energy RD&D and 
related manpower include those covering associate degrees and other formal 
awards below the baccalaureate, upper division enrollment, earned degrees 
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conferred, and students enrolled for advanced degrees. These surveys are 
' conducted annually. " • * ^ ^ 

i. Associate-J)'egrees and Other Forma? Awards below the Baccalaureate 
(NCES 3). The survey covers ali institutional units identified in the 
Education Directory (NCES) as a universe of those offering at least two years, 
but less than four"- years, of college-level work. The survey collects data 

on the numbers_of associate degrees or similar awards offered in occupational' 
curricula in a variety of technologies — including data processing, health 
service, mechanical,' elngineering, and natural science technologies , business 

" and commerce, and public service-related technologies. The survey also col- 
lects data on the numberfe of completions in arts and sciences general pro- 
grams. The questionnairb^provides for the full taxonomy of tectinological „and 
occupational curriculums in higher education. A number of these special- 
ties are directly or indirectly related to energy sources, including the folFow 
ing technologies: automotive, diesel, weldyig, electromechanical, ins trumeny 
tation, nuclear, and laboratories. There is some degree of comparability over 
time; however, new specialties have been addend ^and revisions made over the ^ 
yeafs. Data are available for individual institutions and information is. •* 
classified by type' of institution, type of 'control ,. sex of recipients of, 

rawards. State and other factors. ^ 

This survey of course does not cover- all sources of 'post high school 
training , which provide preparation for technical, semiprof essional , or even 
some professional jobs. The survey does not reach technical tj*aining in high 
schools, apprenticeships.. Armed Forces, or on-the-job programs of employers. 

ii. Upper Division Enrollment (NCES 4)' This is a new section added to 
the HEGIS system for Fall 1975 to collect information on numbers of upper 
division (juniors and seniors) students by major field of study. It was com- 
bined with the established collection on students enrolled for an-advanced 

■ ,. > •■ 

Department of Health, Educiation, and Welfare, National , Center for ^ 
Educational Statistics, A Taxpnomy of Institutional Programs in ' ^ 

Higher Education , OE-50064, 1970-^'/ ;i ^ 
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" ' ' ' -7, 

degree. Information is^ provided on enrolXments by field, sax^^ full- or part- 



time study, and by institution and geographic location. Separate data are ob-7 
tained on students enrolled for fir^J: prof essional degrees . ^, No data are ob- " 
tained relating to Energy, except ^for*a few selecteci specialties such as 
nuclear, geophysical, mining or petroleum engineering, or geology and geo- 
physics'. ^ , ' 

Jhe Fall^^75 survey was' the first such collection of euch data since 
1967. The Na^tional Center for Education Statistics is^not certain how often 



^a^tional Center 
or^r'that on enro 



this survey or^^^that on enrollment for advanced degrees will be conducted. 
Both purveys appear to enjoy very high response, rates and have no special 
trouble with . definitions • 

iii. Earned Degrees Awarded (NCES 1). The sufvey coverts all< J-ris.ti tu- 
tions in the United States, its territories 'and possessions which 'awarded 
ba61]|^lor 's, masters' and doctors' degree in any specialty. The approximately 
i ,-800 institutions are identified J-n the . Education Directory (NCES). Separate 
information is provided by leveXVof degree, subject specialties, type of in- - 
stitution. State, and sex of degree recipients: Data are requested from the 
head €>f school or through State coordinators. Response is practically' com- 
plete across institutions, but the degre<e of error or misclassif ication of 
degrees by specialties is not known. Comparability of fields of degrees 
goes back to 1970-71; soi^ comparisons can be extended to 1965-66. ^ 

This is the only comprehensive source of information covering all recog- 
nized academic degree programs in U#,S. schools. As such, it provides infor- 
mation on the potential^ flowyof persons into scientific and technical man- 
power^activities . Academic specialties "covered are those in tl^e Taxonpmy ' 
of Instructional Programs in Higher Education> and thus include many sci'ence 
and ^engineering specialties/ Som'e of .these are directly or indirectly^ related 
to energy RD&D areas, such as petroleum, mining, and nuclear engineering, 
geology^ geochemistry and metallurgy. However, as Indicated 'previously Ithe're 
is no one-to-one relationship between the types o£ academic training received 
and occupation or job performed. . ^ * / 

• . r * , >.< 

'iv.. Enrollments -^f or Advanced Degrees (NCES 2). This part of the HEGIS 
survey solicits information on students enrolled for a masters, doctorate, or 
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first professional (e,g. medicine, dentistry, lawX degrees in all instit'u- 
tions included in the Educatipn ' Directory (NCES) . Response, from about' 
1050 iriatdtutions in the last survey, was practically complete. Informa*- 
^tion is provided on major field of studyjCtaken from the Taxonomy of In^ 
structional .Prograpis of the NCES) » sex of //^student , attendance status (/Sfl 
or part-time), by stage of study (in first- ye^r or beyond one year , of study) 
b'^^ type and control of institution and state location. Individual institu- 
tional data are available. , \ 

* 

As in the case of the survey of earned degrees (NCES 1), information on 
enrollments in fields directly or indirectly related to energy RD&D areas 
is available. However, the degree, of relationship of those trained and thos, 
employed in such activities is not known. * 

This survey is the most comprehensive source of j the data on enrollment 
st-udents for graduate degrees in all fields 'of study. At each survey per- 
iod, however, it excludes by definition a number of students enrolled in 
graduate courses, but not for a degree. ,PoSt-doctorates are also excluded. 

Comparability ^by discipline is good back to 1970-71, when the present 
taxonomy was established. However, some comparisons can be made, to 1965-66. 

the HEGIS survey also provides a separate overall count of enroj^eri^^ 

in which data are obtained on totaT graduate and unde^jaduate eni^ollme^ts 

by institution — but not by field of study. * ' ' , ^ ' 

f • ■ 

V. Summary . Th^HEGIS surveys are talJ^ies of the total univ^erse of 
higher 'educaf"tion instituti^tis, rather .than samples,, and in most instances 
an almost complete responsexis accomplished .V^b^ever , the time between the 
reference^ date and actual publication of official results of th^ individual 
HEGIS-^surveys is relatively long. Though arrangements are available for j 
securing preliminary results, they are limited to those users with computer 
terminals ..linked to the HEQIS system. Another weakness , of these surveys is 
the gaps in the taxonomies of programs relating to energy. (e.g., health 
physics, hydrology, etc.). Finally, with limited staff and resources for 
the HEGI1S surveys, it is not always certain that selected surveys will con- 
tinue in a planned fashion. • ^ 
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Recommendations ; That DOE lend its support ~- moral, 'financial or > 
otherwise — to the orderly conduct of HEGIS surveys concerned with higher 
and post-secondary education. Emphasis should be placed on "making DOE 

needs knowxiL-V-^^"- fields of study, more rapid compilation and . publication of 

\ S 

datja, an-^^^ssurance of continued collections, especially those providing 

detailer^^ ^^cupation or program. categories , e.g. upper division enrollment 

to the -National' Center for Education Statistics. ^ ♦ ' . 

^. \ ^ : ■ . ~ ■ . ■ . 

V ' ■ ■ . . . . 

b. Survey of S;arned Doctorates (NRC 1) , 

^ Each year (since 1957c-,58) the Commission on Human Resources, National 
Research** Council^, operating through the graduate deans of the various insti- 
tutions, co-lletts by questionnaire information oh each person receiving'an 
earned doctorate in any field. The survey, which achieves over 991 coverage, 
collects the following information for each awardee:, name, rac^, se:^ ^g^, 
citizenship,^ high school- and college education (year and location of school, 
field, and titie of dissertation) , "^source of financial support in graduate 
schoc^, immediate po^t-award plans (fellowship, employment; type, of employer) 
and so forth. Each year a few ad hoc questions are, iriserted such as 'on 
marital status and dependents. 

This information is maintained . ih a computerized file so that summariza- 
tions of each year or a number of years data can be* obtained. (The Commission 
maint^ain^^a more limited set of records on all doctorates awarded in a^l fields 
by U.S. institutions from 1920-1958). The s.urvey is supported by the National 
Science Foundation, National Endowment for Arts and Humanities, U.S, Office of 
Education, and the National Institutes of Health^; This source also provides 
annual cohorts af persons with doctorates for the so-called biennial Doctorate 
Roster Survey (NRC 2)., No information is provided on energy-related activi- 
ties except for such designation under an agency fellowsi^ip program and for 
some selected degree specialties, sucli as nuclear engineering and fuel tech- 
nology, or petroleum engineering. The biennial Doctorate Roster Survey does 
of course 'identify those with significant work irt energy and fuel programs. 
See section of this chapter on "Employment and Ch'aracteristics*' (impart B 1.). 

^ ^ . • • • ■ . ■ ■ , 

Recommep^da tdon : That DOE indicate to and persuade the National Research 

■ ■ ■ ■( ' . ■ ■ • 
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Council tp add additional doctorate specialties relevant to energy activi- 

ties and to collect" information on the specific Federal source of support- 

(e.g. DOE, NSF, NIH) for those i^olved as graduate assistants before award 

of the doctorate. . - . 

\ ■ 

c. Nuclear , Engineering Enrollments and Degreed CERDA 3). 

In 1975 the fifth annual survey of degrees and enrollments in nuclear^ 
engineering was conducted by Oak Ridge Associated Universities (ORAU) for 
ERDA. Each year the survey reaches a'll institutions which are known or 
• thought to 'of fer study in this area. Over the years the nui?ber of institu- 
tions has changed as new programs were identified or programs phased out 
(69 schools reported in 1975), ' / <^ 

The survey collects data on* enrollments and degrees, including under- 
graduate 3rdvand 4th year, graduate enrollment for masters and doctorates, 
and degrees granted at the bachelor's; masters , and doctorate levels. In 
19-75, information was requested by specif ic cTIrricula of nuclear engineering 

and on nuclear 'optibns in chemical, electrical, or mechanical engineering 

.-^ ' ^. ■ . " I 

etc. and on ^women and minority students enrolled and graduated.' The pro-. 

; " y ■ ■ ' ■ t 

grams are also shown by institution.^ 

Coverage is uncertain, but attempts are made to collect data from 
schools known or' thought to be involved withj nuclear education. . ~ 

In 1975, a supplemental qu^tionnaire was included which asked for data 
on placement or plans of 'degree recipients by liype of position or job, e.g. 
academic. Government, GOCO's, or industriala. emplo3anent . 

d. Radiation Protection Enrollments and Degrees (ERDA 4) - j 

In 1975, the fifth annual survey of -enrollments and 'degrees ^n fields 
related to radig^tion protection was conducted by Oak Ridge Associi^ed Univer- 
sities (ORAU) for ER'dA.» Each year, the survey was sent to insti-cutions which , 
are known or thought to. offer educational programs' in such areas as health 
physics, radiat^n health or safety, radiological health and similar -programs 
The^ numbers of institutions covered ha^ changed over the 5 years as new pro- 
grams were identified ot programs phased out. . 11^^ 1975, the survey covered 
58 institutions. ^ ■ , . 
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Information is 6b*tained on^: 3rd and 4th year undergraduate enrollment, 
enrollment at masters and /doctorate "dfegree levels,"' and degree awards at 
bachelor's master's and doctor's degree levels/ Data are classified , by ' 
specific options such as health physics* and by women and minority students* 
The programs are also shown by institution. Extent of coverage, is u>i'cer tain . 
In 1975 a supplemental questionnaire was included which asked for data on 
placement or plans of degree recipients by type of. position or"" job, e.g. » 
^cademic, Government, GOCO's, or industrial employment.'^ 

e. * Survey of^Gr^duate Student Support and Post-Doc torals ,(NSF 13) ;. ' . 

For a number. of years the NSF has collected information on the types 
of support provided to graduate students and the number of post-doctoral and 
research associates engaged in doctorate-granting i^ns ti tut ions . Datav coTlected 
forjjKaLl 1976 was for 1,489 masters and 6,289 doctorate level departments 'in 
science and'^ engineering fields in 361 Ph.D^granting institutions (including 
105 medical* schools) and 1,504 master'*^ departments in 326 master's granting i 
institutions. All ^Ph . D-granting schools are surveyed each year but presently 
a small sample of . schools is contacted before the main; survey to provide a 
preliminary indication of the direction and levfel of stifdtot enrollments. _1 - 
^ Th^ main "survey collects for each Ph.D and master's department informa- 
tion for full-time students oh: field of department\level of study, mecha- 
nism of support (fellowship , traineeship, research^or teax;ihing assistantship-) 
source of support.-- U.S. Government" agency (Defense, NIH, other HEW, NSF; ^ 
and all other), institutional support, foreign source , and self and family 
sources, et?c.). Counts of part-time st\dents and post-dqctorals and research 
associates- by department are also obtained. T, 
Coverage on this^urvey for Ph.Bv and master- ,3 degree granting schools 
is practically complete. No data on epergy-related activities are obtained. 

Recommendation : That DOE request NSF to identify the Department of Energy 
a^a specdfic agency of Federal support on the cj^uest-^'onnadre for this survey, 
so that data on' DOE-supported students can be analyzed in the co/itext of all 
graduate student support. ' . ' . ^ ■ 
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f.^. . Survey of Graduate Enrollment CCGS 1) ' ' • 

For about 5 years the Council of Graduate Schools (CGS) /Graduate V 
Record Examination Board (GREB) with aid of stafT- of the Educatiorwil Test- 

ing ^Service (ETS) has conducted an annual survey of enrollments 'bf th^ . 

•i * ■ .» ■ 

.member institutions of t.he Council of Graduate Schools.* The Council member^- 
ship consists of sotne 344 institutions who grant , either the masters ' ' or-doc~ 
torate ^as .ti*€ highest^degriee . The member institutions combined grant 99% 
of the eatned doctorates and 85% of the masters' dlgrees. ' • " 

The survey is conducted :in two waves. The first, forms sent out in 
September (to be returned by' November) request data on the ngmber of appfica- 
_ ti-ons for graduape study, number of graduate a:ssistants, graduate fellows/ 
\ number of masters and doctorate degrees awarded, and total graduate enroll- 
ment, (total and' first time). Data are .tabXilated by^ size of sfchool, type of 
control, and level of degree awarded. The second part of the survey .is con~ 

„ Spring . following the first wave, with^results coming 

in the Fall (showing information for the previous Fall) . This second wava 
"collepts information by broad fiefci (education, tj^umanities, social science, 
physical scie^es, engineeriij^, and biological sciences) on the same items . 
covered in the first phase and in addition on sex, ethnic group, and on 
^ J^eaching and research assistants. ^ ^ 

g. Surveys of Enrollments and Degrees' by Professional Societies and Trade 

Associations - ^ . 

*. • ■ " . 

... ' . . . ^ 

A number of the professional societies in science and engineering 'areas 

1, ^ 

■ " conduct surveys of enrollments and .degrjaes in the separate disciplines. 'Most 
,of these cover known institutions offering options or curricula in discipline^ 
rl^iievant to the societies' interests. Also most of these survdys generally 
. ^ cover the same^. subjects: enr^^p^pjits at the 3rd and Ath year of ^undergraduate 
stqdy, enrollment "(full-time and part-time) for masters and . doctors ' d'egrees , 
• and degrees awarded 'a^^^Val^ three /levels . 
• . The most p-rominent ongoing surveys of this type in?el.ude those by the - 

Engineering Manpower Commission of. the Ei^gineers Joint Council (engineering 
ant}- ^ technology)* , American Chemical Society, American Institute 6f Physics, 
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and the American Geological Institute. Other societies 6r associations" ^-' 
which did or occasionally still conduct such studies include: the American 
Institute of Chemical Engineers, American Institute * of Mining Engineers^ ^' 
Society of Geophysicists the American- Institute of Petroleufti Geologists,: 
the ^Society- of Petroleum Engineers (of The American Institute of^ Mining 
Engineers) and 'the Air ffmiditioning 3nd Refrigeration Institute. The infgr- 
.mation jErom the latter two "organizations ^ is more directly^ relatend' to 
energy act^yipl^s than th^t from others*.. . - 

t], Junior Year ' Enrollment (ACE 1 : " > - ' 

.■• ^ • ^ - ' ' ■ . . ' ' .\ ^' ' ^■ 

,One of tfe surveys conducted 'Hy means of fhe Higher Education Panel 
(HEP) operated by th^. American Council on Education (ACE), ^f or. The National 
Seience Foundation . (NSF) has been a, collection on ' enrjbllments^ in science" 
and engineering fields at the jy^or year in colleges and universitie'sT^' 
The survey, which has b*^?n -conduc ted 3everal times,( provides informant ion "by 
field and. type of in^ituti%h contr<^tl^(public , private),' It provides a > ■ 

quick look at the trend in Enrollments which precede possible • changes in .,de- • 
grees 'granted. ^ Hp:wevet, the amount of data collected is^limited ; • no data on 
. enfr'gy are obtained. ' ' . 

' ' .. " ■ c- • ■ ■ . "■ 

i. Survey-rof College Freshmen (UCAL I) ' ' • . 

■ ■ - " ■ ■ ' ^ ■; ■ ' ' ■ ■ ■ ^ 

Each year a sample^^urvey of freshmen in universit-ie^ an^ college^p collects 
information on personal, professional, and' education characteristics', career 
choice, '.planned undergraduajte major, level of degree sought, and sources of ^ 
financial support, v These data offer a first J.ook at tjie potential supply- of 
cdilege-trained p^^rsonnel. The^urvey tends to focus on the process 'of education 
rather than, on^- the potential products of the system. The pimple of^ Schools in-, 
eluded in ^Ije." universe has been subject to ^critical review iti, the. past. However, 
meaningful changes have been made.- All institut Ions ' included in the H;Lgher 
Educ^p.on .General Information Surveys" (-^e|}IS) " are* invited to partitipate, No 
data QXi Energy-related, activities^ aire ^ o ' . V . . 



*. j . Nuc l.ea.r-rc»latc»d 'rcchn Lc>ian Manpower (ERl)A 6) 

This survey oT technicians in nuclear-related areas in twelve western 
States conducted by Oak Rid^!;e Associated Universities (ORAU) for the Energy 
Research and Development Administration (ERDA) builds on two previous ' surveys 
covering southern States. Respondents included all of the government-owned, 
contractor-operated facilities in the ERDA system as well as other major in- 
dustries, utilities ^ind , educational institutions in western states.* Among 
the information collected on training programs in the various facilities was 
data on enrollments and estimated graduations in selected technician special- 
ties. . . * 

It appears that the su<A^;a^successf ully collected such data, 
k. ' Industrial Training for Nuclear Power^CERDA 7) 

I Using a listing of industrial establishments published by the American 

Nuclear Society, the ^lanpower Assessiri^^nt Office, Energy Research and Develop- 
ment Administration (ERDA) 'compiled an inventory of education, training, and 
work experience .programs for nucle-ar power pldnt "and facility personnel 
sponsored or conducted by industrial firms. The items included short-tefm 
^(1 week)", on-the-job programs, to 12 weeks or more formal courses ^"^i academic 
institutions for technician, craft, and related occupations. ^ 

The survej^ was not intended to be compre^hensiye . - It Jfces not cover all 
firms, even in the limited ai^ea of nuclear power. C - . ^ 

<i. Energy-Related Technology Prog^am^ in Community and Jufiior Colleges 
(ERDA 8) ' , ' ^ ' 

In 1975, ERDA supported a survey conduc54d by Oak Ridge Associa^ted Uni- 
versities (ORAU) of energy-related programs -in bommunity and j unior colleges . 
/The survey had three > general objectives: . 

1) to estimate the. number of energy technical programs , that colleges \ 
presently have and the number they are planning; 

2) to estimate the degree and type of cooperation between Colleges 
'and energy industries, Including major ERDA contractors; 

3) to quantify the degree of college interest in attending a working < 
conference to assess occupational needs in energy areas and ini- . 
tiate planning of needed programs. - 
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The respQT^se to the survey, which was also promoted by the American Assoqia- 
tion of Community and Junior Cv-)lleges, Was generally good and the general 
objectives met. Seven hundred seventy four responses were obtained. 

Data were collected on the numb'er of colleges and programs within them 
which were categorized in several of- the major energy-related technologies, 
includj.ng petroleum, coal, nuclear, solar, geothermal, etc. Altogether 62. 
existing programs were i^ientified in six energy areas and 132 programs were 
in vari*bu5 stages ^ f planning. Some 18 colleges had existing, programs . Thus, 
progr.ams can be classified by energy area and technology, geographic . region , ^ 
etc/ Apparently, industry is involved in a majority of programs in the col- 
leges. ' 

Recommendation : That DOE conduct a similar survey in the near future 
so as to provide input on the trends in numbers of energy-related^ courses , 
options, and curriculum . being es tablishedHn community^ and junior colleges. 

m. ' Enrollments in Post-Secondary Occupational Training 

At the 'present time no overall ^source of information on formal" train- 
ing of technicians, selec ted c raf tsinen , and related types of personnel exists. 
However, some selective infi)'rmatlon is provided .which gives some i-rv^ication 
'of potential supply of technicians and craftsmen. These ineludi^ , 

1) the HEGIS survey oh associate degrees and other formal awards 
below the baccalaureate and a similar survey of enrollments 

in organized occupational curricula (not conducted for several 
years) ; , - 

2) a biennial survey conducted by the National Center of Education 
Statistics of enrollments iri post-secondary schools not ap- 
proved to the college level, including proprietary organizations; 

3) information on numbers of persons engaged in and completing 
apprenticeship training (ETA 4) in "registered programs" 
(those registered with the" Bureau .^f Apprenticeship and 
Training of the Department of Labor or affiliated State^ '.^ 
apprenticeship councils) -- large numbers are in* programs 
not so registered; 
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4) numbers of^ persons in training under programs of the Compre- 
hensive Employment and Training Act (CETA) ' (no national sum- 
manes are available) ; 



5) selective inforlnation on persons approved or certified under 
Armed Forces training; and ' ^ , v 

6) ^nformation on training received by persons" emplqjy^<f In tech- 

nician and related occupations (NSF Post-censal survey, etc). 

Information on spenclflc tfainlng for occupations in energy RD&D is very weak. 

^ Recommendation : That DOE join in efforts to persuade tWe ^^tional (Center 
for Educational Statistics (\ising financial support, if necessary) to rein- " 
s.tate the surveys of enrollments in organized occupational curricula in higher 
educa,tlon and to support more fully the collection and publication of survey 
data on such curricula in other post-secondary institutions. 

It is also recommended that DOE. initiate collec4jitDn of 'information 
technicians employed! in energy ac tlA^ ties '^(DOE-supp or te^v^ajxd^^ other) .on ' the' . 
sources of training ifecelved. This information would reveal which" Xypes of 
training should be surveyed to discover trendy in potential energy te'chnl- ' 
clan supply, "J ' ^ 

n. Projections of Enrollments and Degrees and other Edu'catlonal Measures • \ 

Several organizations and agencies ha^e prepared and/or analyzed projec- 
tions of cM^ege level enrollments and degrees In relation to employment re- 



qulrements, Tn&^ efforts, which are generally continued on a periodic basis, 

, . \ / * 

Include those by: National Center for Education Statistics, the National 

Science Foundation, the Bureau of Labor Statistics, the Engineers Joint 

Council, tlje Amerlca^n Institute of Physics, and The National Board of Gradu-' 

ate Education. These organizations use differing methodoTogies ; assumptions, 

and factors' in tlig^e efforts, some .of which are described in the discussion of 

.methods of estimating degrees grantecj and completions programs in Chapter V. 

3. Summary Evaluation of Existing Education and Training Data 

There are several major established sources of information on the numbe^' • 
of persons being trained in science, englneerln£7 ^nd related fields. The 

■ , '• ■- ' . • - 

* Department of Health, l^ducation and Welfare, National Center for Educa- 
* .,ti6n Statistics, Prajectlons' of Tlducation Statistics to 1985-86 , (NCES 77-402), 
^77. ^ ^ . • ^ . 

ifOrion'al Scien'ce Foundation, Projections of Degrees and Enrollment In Science 
and Engineering Fields to . 1985 , (N5F 76-301 ) , 1976 . 

Bureau of Labor Statistics, pccupatlona'^\P,rojectlons and Training Dat^^ ^. 
Bulletln\1919, \l976. . i^^. 
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Higher Education General Information Survey (HEGI5);'the surveys of the 
.National Science Foundation, National Acadtpmy of Sciences, the professional 
societies, and DOE provide a substantial amount of data on enrollments and 

degrees awarded in these areas. and other measures of training ac t i vi t ies , a- 

■\ ' \ . '-^ 

,As Indicated above, ourJ).resent structure or system, whlle^>iving con- 
siderable detail about fields of study in which degrees are granted, does 
not include (with a few exceptions) direct .or specific educat^idn and/or 
training for jobs in energy research, development and demonstration activi- 
ties.. Rather, the supply of Scientists and engineers now or to be engaged 
in energy RD&D work is part of the same overall pool asN^or all scientific// 
and technical activities/ . The taxonomies of programs an^ InsXruction pro4 
vided for surveys . provide ^f or a substantial ^mount of detail oiA fields of 
study. - In some cases th^y are specific to energy RD&D such as /Nuclear, 
petroleum, or mining engineering, or geology. However, in most science'^fml 
engineering fields the subject areas are too broad to indicate concern with 
energy matters per se . ' 3» 

The support of graduate students under a Federal agency ' s award for 
research and deve lopmer>t or for direct traini-rig in a given program such as 
energy is an obvJ>^js^ stimulant to the potential supply of trained persons 
^vailab.le for later employment in that acrea. However, it is apparent that 
adequate information does not exist at this time on the nuraber of scientific 
and'^t^hnical, persoimel beirig trained under DOE and other Feder.'al agencies' 
direct training (fellowships and traineesh^ps) pt'ograms or training under re- 
search and development contracts, and g;;^^s for ^academic energy RD&D efforts. 
DOE does have a series of university training programs which provide for a 
limited number of persons in direct training programs.' However] no central 
source of data exists on numbers and types. of graduate assistants or othpr 
persons bein^ supported under DOE awards to academic and related institutions 
(e.g., several of the National Laboratories employ graduate assistants)^ 
doe's primary concern here is toSknow on whom its funds are being' ^ent and ' 
how they compare-with other students and those getting other Federal support 

as a basis for i ts pol icies on . supplr't of graduate students (dither direct 

^ • *• • • • . 

or -under research 'grants and contract.). 

. • ■ ' * , ■ ^ 

One significant weakness of many bf the current .s.urveys of enrollment ^ 

- ♦ , 
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and degrees is 'the delay involvisd in making data av^^able. This is par- 

j ^ 

ticularly true of trie HEGTS efforts, though many ijuprpvements have been 
made .in recent years* It is likely that if * data from the^se surveys could 
be made available sooner andi provide sp*ecific data to certain clients, 
several othe^ partial coverage surveys of enrollments and ^idgijees could, 
be drppped . " 

The present snjrvey of graduate student sugport conducted, by T^he National 
Science Foundation does not provide for indication of support' of students by 

DOE ot previous energy agencies. • The, survey does pribvide .excellent informa- 

■ ■ 

tion on the general subject of graduate student support. 

I The two surveys conducted by Oak Ridge Associated Universities of en- 

rollments> and degrees in radiation protection and nuclear engineering do not 

/ 

of course cover all specialties' related to energy-relat;e=a activities • They 
appear to cover the selected relevant fields mos.t adequately. The survey 
condiicted .under sponsorship of ERDA on technicians is -a gpod*^source but 
limited to nuclear dhd ^ve^lated areas. 

4 . Further Initiatives for Improvement and Development of Data Sources 

The. established surveys of education and training of scientific and 
^ technical personnel provide a broad base of information useful to the analy- 
sis of the supply! of energy R&D manpower.. Most of these surveys should be 
CQnf inye.d ^and- xn, ;a^ in^tances^ expanded and imp'rov^ed. Improvement 

.-.^....of. some of the' "dia>ta^sdur*ces might*1naE^' i^ omit other slaveys, 

.\which seem to be duplicative; In addition, there are several ggips or weak- 
. liesses which DOE might aid in closing. Revisions, amendments, and adapta- 
tions of existing data sources have been indicated above* The following 



are\ the recommended new data . collection's : ' 

a. ' Perhaps '-iJie single mo^t important change or improvement to initiate i^ 
the collection of informatyion on the_. pumbers of graduate students, research 



associate^ post-doctoral^^, and faculty engaged on all DOE supported activi- 
ties ^;^^ried«out by academic and related (National Laboratories^ etc.)- in'Sti-^ ' 

tutions./ Furthermore, it would aid consideration of DOE's policies on student 

/' ■ * ' ' . 

support /if the agency had information on those it supports in the context of 

/ ■ / 
the t-etal graduate student bod^ in science and engineering and the support 
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prograrrts of other agencies."- %^ ' 

The- nupihers of persons directly "supported by the university programs 
unit in DOE fellowships, traineeships and :faculty training is very small 
compared to the number supported under re^searc^h grants and contracts in 
ej^ucational institutions. Support of. graduate students under these latter 
awards is a very obvious stimulant to additions to the energy R&p manpower 
pool. This is particularly true of those who specialized (thrc/ugh aisser- 
tation work) on specific energ/ areas. In addition, those^ research assist- 
ants, post-doctorates and faculty engaged, under these grants'arid contracts 
may be directed into energy activities over ' the long term, thus adding to ^ 
the manpower pool outside universities and college^. 

DOE should take steps immediately to. establish a reporting 'systeiti 
which will provide data on numbers^ fields, man-years and other characteris- 
tics of all persons engaged in DOE supported direct and research training, 
and in related academic research, e.g. fellowships, traineeships^ research 
assistants, post-doctorals and faculty. The system should coverall rele- 
vant institutions of higher education related National Laboratories, and 
similar^organlzations under DOE support. 

b. Several improvements are suggested In the area of -information on the 
training of persons to less than ,the baccalaureate level. First, it appears 
that the reintroduction of collections of data on enrollments in organized 
occupational curricula, (including energy-r^elated revisions in the instruc- 
tional taxonomy) would be useful. The National Center for Education Sta- 
tistics has the statutory responsibilities to provide an improved data sys- 
tem on vocational and' related education and it appears such data would be 
useful foi^'these purposes. - ' . ^ ^ 

A second suggestion in this area is for bOE ^to determine the types, 
levels, and sources of training received by^^emplpyed energy technicians 
through occasioQal surveys (every 5 *years -or so) of such personnel, tl^eir 
supervisors, and ejnployers. Then- selected surveys of such sources of/train- 
ing could be undertaken, incl.uding information on content, facilities, and' 
type of instruction involved., ■ 



J). SOURCES ON EXPENDITURES AND OBLIGATIONS 

11 Introduction • ^ . ^ 

Dollars", whether expressed as^ppropri-afions, obligations, costs, or 
expenditures, are the basic means of allocation for research .and development ^ 
(R&D) activitiefe. These allocations characterize the»purppse, nature, and, / 
eS^tent of suct^activities and consequently cj^termine the resources — manpower, 
materials, machinery, plant, etc. — needed to conduct them. Information on 
R&D spending is required in a manpower information system for at least two ^ ' 
primary reasons: (a) R&D dollars are a specific, primary measure (similail to ^ 
direct manpower data) which pol|.cy- and decision-makers use to plan, budget, 
and carry out spjecific activities: and^b)v ratios o^ R&D spending to R&D man- 
power can be used to estimate or derive either of the two components, past, 
present and future. It is in this latter sense imp.ortant to establish, as 
consistently as possible, common or compatible definitions, classifications, 
and taxonomies for both measures of* R&D activities — manpower and dollars. 
This isn't to' say that in all types of measures the same detail of-cate- 
gorizption is required for the two — only that convertibility and comparability 
be possible. • 

The N primary source of information on expenditures for eitergy research 
and development as well as ^&D covering all prqgrams, fields,' and sectors, 
is tjie .National Science Founpation. Beginning in the early 1950's NSF 
has established a coordinai:ed , comprehensive series of data collections on 
research and development (funds and manpower), which covers all sectors of 
the national economy. (See chapter II for definitions used in t-he NSF surveys 
of R&D.) . J ' , : 

, However, information on R&D spending for energy is more limited. For many 
years the collection of information on Federal obligations for R&D by NSF (NSF 1) 
has- included detail by agency, such as' the Department of Defense (I)OD) or the 
National Aeronautics and Space Administra tio^ (NASA) . The R&D obligations of 
these agencies served as the measure of funds related to "defense" or "space" 
R&D. However, a significant portion of R&D dollars allocated to the DOD or to ' 
NASA was not speni for defense and space' respectively, .Also, other Federal 
agencies allocated some R&D 'funds to. these activities.. 
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, In more jec6nt years NSF has initiated the compilation of information 

on -research and d^elopment activities specif ically associated with selected 
national programs such as on energy and environment. Thus, for Federal agen- 
cies, the NSF in 1969 began' an annual series on the'allocation of Fedqral dx- • 
pencjj^tures and obligations to .various national programs and jactivities\ NSF 
has prqduced annual reports on Federal R&D fading by "function" (a designation 
for national programs) (NSF 2.) In the latest compilation .(Fiscal Year 1978) 
NSF reports on 1^5 major functional areas (and many detailed sub-functions with- 
in)\including "energy development and^ conversion*'. ^ 

NSF also has initiated col^ction of data , directly from private industria; 
concerns on R&D spending for the Separate categories of "energy" and- "pollution 
abatement"^ (NSF 4.) '-In addition, NSF has Conducted a one time survey of current' 
.and prospective funding and m^noower related to en^rev R&D activities in Federal 
intramural installations (NSF 3.) 

In addition^to the NSF series of studies ahcJ survevs of R&D soendine and 
manpower Several other organizations have collected information on both 
national totals and in a few cases on energy R&D. These include special com- 
pilations made of Federal agency budg^ets on several special analytical topics 
^jlguch as research and development, education, defense, energy, etc. by the 
Off ice. of Management and Bydget .(Ot(IB) . The 0MB compilation (Special Analysis 
P) is based primarily on NSF definititJnf and practices, but ^ome differences 
in the interpretation of agency programs lead to different R&D spending totals. ' 
The Federal Trade Commission (FTG) and the Securities Exchange' Commission (SEC) 
mal^ periodic collections o 5- data on R&D selected industries. However, the 
FTC data^ar^ ngt complete and SEC doe^^^t publish its collected information. 

Collections of information on :yhdustrial spending on researck^d develop- 
ment Ibre also made by publishers of (general and .tt;.ade peribdicals^^ch as McGraw- 
Hill, Industrial Research, Cherai6al/ and Engineejring' News , and Business *Week,. ' 

nd other organizations such as Batftelle Memorial Institute and th^ Pharma- 
cfeutical M^nafacturers Association/. These collections generally use NSF 
definitions a^d practices; howevo^, each of them restricts itself to an indi^stry 
or industry group or a part ji^ql/r,..ai^gment of the etonomy.* Furthermore, the 
collections usually are restricte^V^o the industrial sector. At least one 
of these surveys (made by McGraw-Hill) 'collects data on energy R&D at per^^odic 
intervals. / 



; Thus, the series of studied and surveys conducted by the National Science 
Foundation are the cornerstone and primary . source of information on funding of 
R&D programs — both national totals'and energy, / . ' 

2. Major Statistical Sources 'of Data on R&D Spending . ' - 

Following are short descriptions of the major NSF ,and other surveys of 
RD&D expenditures and obligations currently programmed, including general - 
content, methodology, and relevance to information on energy RD&D, Fuller 
descriptions of Jthese surveys'and studies is contained in Appendix B, 



a,N^ Federal Funds for Research*, Development , and ^her^ Scientific Activities 
(NSF !•) • / 

, • ■ . >- 

This annual collection of data from Federal agencies is a practically 

7 ' 

complete coverage of Federal spending for R&D, Data for three fiscal years 
are obtained each year: by performer, (industry^ university, intramural unit, 
etc,),^field of sciei^ce^, character of work (ba^ic and applied research, develop 
ment , but not on demonstration)'-, and on R&D plant. No separate data are re~^ 
ported on energy R&D except for the designation of DOE activi-ties, per se'. 
The survey has been conducted for 25 years. This <surve^ is supplemented by 
occas;Lonal reporting in broad detail on^gepgraphic distribution of R&D funds 
from Federal , agencies (the last one was done in 1965) , and annual analyses 
of Federal R&D(funding by function and Federal support to.^ universities, 
Jji colleges and/ non-prof it organizations (see below). Data on Federal R&D 
manpower are not collected through these surveys. 

The definitions uged for deve!ljX)pment and R&D plant can lead* to some, 
confusion vith respect to funding of . demonstration ^ac tivities — no spe-- 
c.ific descrip^on of demonstration is given. Also at present this survey 
classifies research and development in information sciences,' documentation, 
and in information systems ' andji^practices as scientific and technical infor- 
mation rather than as research and development per se. Further, R&D in. social 
science fields includes some research in law and education. " 

It also "shovild be noted in connection with this survey, as well as the 
survey of Federal energy'R&D in intramural laboratories and FFRDC's (NSF 3), 
and similar surveys in other sectors, that the list of FFRDC's established 
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by NSF in cooperation with AEC and ERDA is not the same as ERDA's! list of 
coco's for R&D. Most relevant facilities are on both/ lists, but selected 
sites on one list are not included on the. other. 

^ , Recommendations : That DOE work with NSF to. establish a definition of 
demonstration activities for reporting of Federal R&D funds andrto clarify 
the definition of development and R&D plant ±ii this regard. Shis definition 
should be consistent with'^that for such activities in all sectors (see part 
D4 below) . 

DOE should also encourage NSF to clearly indicate the inclusion of. 
R&D\^n information sciences, documentation, etc. as a part of general R&D 
activities. Further, DOE" should request NSF to consider the transfer of. 
R&D in law and education into a category separate' from the social sciences. 

Finally^ it is recommended that DOE cooperate with NSF in establishing 
criteria for, as well as an actiJ^l list of, R&D centers which though owned 
by the Covernment are operated by non-Federal organizations. 

b. Analysis of Federal R&D Funding by Function (NSF 2.) 

Since 1969, NSF has provided an anabiysis of Federal R&D fundjjfig by sepa- 
rate national programs or ''function". , This categorization of funds into 15 
major functional areas and twice as many sub functions within the^major breaks, 
is prepared by NSF staff on the basis of detailed ageticy budget^ ^nd staff 

contacts. Function data are additive to 100 percent with no overlap of pro~ 

■ , ■ ' ■ ■ 

^rams. Each functional area, including 'one" on "energy development and conver- 
sion",. is detailed by agency (including Bureaus ^and similar "units or progranis) . 
As in the case of Fede^^^ Funds for R&D (above — NSF 1), data for recent jp^st' 
years are revised with ea^h^jaav^ year's budget submittal. Details on the cate- 
gory of. energy developmen t ap^conversion^-^lTc^ude : nuclear; f'ossil, solar 
geothermal, and advance'd enek^y syst.eflt^ conservation; and other. \fheve 
enough specification is available, NSF staff has tried to include programs in 
other functional areas with energy, such as eneirgy conservation R&D in the" :, 
Department of Transportation. Here again 'no manpower data are available. ' 



• ' ■ K • ■ - ■ '■■ 

Recommenda tions : ^ That DOE request NSF to provide further specifications, ' " 
7 • . . . ^ 

definitions, or explanations regarding the classification of R&D by function. 

/ r ' f ' ' 

The present method used — by staff judgment and ^Qstimate — is probably more " 
reliablei^^cdnsistent , and' efficient than direct delineation by each agen^. [' 
However, users of these functional data do not. know of the specific cr:^^ria 
or bases of decisions :on functional classifications, for example on fringe 
arfi^ of the various categories. i 

c. Federal Support to Universities, College and Non-profit Organizations (NSF 7.) 

■ Each year the NSF is required to report to the president and the Congress on 
' the "tota\ amount of money for scientific research, including money allocated 
for the construction of the facilities wherein such research is conducted, 
received by each educational institution and appropriate non-profit organization. 
i;a -the United States, by grant of cc/ntract, or otlje^^rrangement frcfiTr agencies 
;of the Pederal Government Therefore, NSF obtains? from various Federal 

agencies information on f undai^jprovided various educational and non-profit in- 
stitutions. Separate data are provided on Federally Funded Researdh and 
Development Centers (FFRDC's) administered by universities,' non-prof it rd^arch 
institutes, and other non-prof it organizations . Information is. gathered from 
about 14 agencies which account foV^ver 95 percent of alL Federal funds ob- 
ligated to the universities and non-prof it -organizations . Tl^is information 
includes data on funding for H&D ; for R&D plant; on facilities and equipment 
for instruction in science and engineering; on fellowships, traineeships , 
and training grants; on 'general support for science (e.g. institutional 
grants); on support for other scientific activities; and on support for non- 
science activities. Data are categorized by type of activity, agency, geo- 
graphic location, and field of science; separate institut?i^en^ data are avail- 
able. , ■; * 

Specific detail on funds, provided^for energy-related activities (in R&D ^ 
or otherwise) is. ntft requested. However, the agency detail shows funds ^ 
obligated by DOE (the primary funding agency for energy RuD funds).' 
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d. Federal Intyamural Performance of Energy R&U^: Funds ar^d Manpower (NSF 3.}- 

• A single time^survey was conducted in 197^ to collect fu'rther^ information 
on energy R&D identified through* the annual Federal Funds for R&D survey (item 
a ab(?ve) (See also section B, part la of this chapter) .,. Each agency so 
identified was asked to provide for each intramural R&D installat:^on and each 
of its F^erally-Funded Research and Development Centers (FFRDC's) data on 
funding of energy projects and on manpower engaged for FY 1975 on an aotual 
basis^ and projected for FY 1977 and FY 1979. Da^ta were classified by R&D 
operating obligations, R&D plant obligations, and numbers of scientists, 
engineers, and technicians and these factfors by individual pifogram area — 
conservation, oil, gas, nuclear fission and fusion, solar, etc. Agencies, 
were asked to summarize th,e installation leV^data by reflqrting on any agency 
subdivision (Bureau, etc.*) basis. 

The coverage of the survey was nearly complete (compared to. funds . classi- 
fied as energy-related in the annual report on Aiialysis of Federal R&D funding 

by Function). However, NSF has no present plans to. continue this survey;^ 

♦ 

Recommendations : That DOE discuss with NSF the possibility^ of conducting 
anothei such survey. NSF may or may not have plans to do so ^(NSF would tiot 
so state in. response to 'an inquiry). However, in view of the recommendation 
made later in part 4 of^' this section for^^^a-rf^verall intramural survey' in DO^, 
the plans'^d'f each of tlfese agencies should be made cle^f. 

e. - Expenditures f or Scientif ic<^c tivities at Universities and . Colleges (NSf'6.) 

Each year NSF- conducts a survey of is^earch and development and related ^ 
activities .at the nation's universities and collegjes . Formerly conducted 
as a single t\Jo'-- part, survey of R&D funds 'and of science and engineering manpower, 
the surveys ai;e now conducted sepa:rately. The companion survey on manpower is 
' described under Section B, Part 1. The funding survey is tiiVected af some 540 ■ • 
academic institutions and 22 related. FFRDC's (1975 survey) .IjThese institutions 

nclude all awarding graduate degrees in' the sciences or engineering and -all 
otfii^ universities and colleges with over $50,000 in 'R&D expenditures. It is 
estjjnkted that this results in coverage of over S9 percent of ai;L academic 
spending. Data are co.llected on current R&Dl expenditures (separately^^ 
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budgeted), which can be categorized by source of funds (Federal, State, 

government, industry, institution's bvm funds, -etc .)>' character of wot^k 

(basic, applied, development), field of science, institutional coiitrol, level 

of degrees granted, and geographic location. Information is also gathered 

■. On capital expenditures^f or research, developiTjj^nt and instruc-tion and, on 

^_,^*^^^t*rr-ent expenditures for instruction and. departmental resealrch iri graduate- , 

degree-granting institutions. Similar data- are provided for both the in- 
■ ' ■ ■ / ■ ■ ■ - • * / • « 

. stitutions and fof fFRDC's. v - ' ' fr- 

Response to the survey has been> excellent; only eleven -institutions failed 

to provide data for FiscaJ/Yeaip J.975; imputations for these s5;hools were made 

by NSF staff. Neither separate definitions nor data on demonstration activities 

• ^) ^ ■ ■ . ^ 

are provided. Similarly tio information on spending in energy-related pro- 
grams is obtained^ * (See also deiscriptioTti of companion sdyrce under 'R&D em- . • ' 
plo'yment . ) ' . ' \ 

: ■. v., . • ^- : ' • • ■ ■ ' ^ 

^ Recommendation* : That DOE initiate an effort to measure the .magnitude 
and characteristics of energy RD&D conducted by^'the nation''s universities and • 

* .colleges and related organizations (FFRDC's, fJational Labdf atories, etc.) .* . 

' ' ' / • % 

As indicatedj later in part 4 of this sector , ^ recommendation is ^made tor / 

surveys of ^11 activities supported, by the^DO'E, including those carried out ^ 
under grant or contract in universities and colleges. 

Therefore, an alternative or choice of survejys or data collections shoul^' 
be made — i.e., to cover the acadfemic and related sect6rs for energy^RD&D»" 
. separately or- to include-* that section as a part of the project tt) cover all ' 
DOE activities. More .will be saj^ abbo^ these cKoicJs lat^r. *^ .^^ 



> ' ■ ..... ■ ■ ■ ' V' 
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f . • Research and Development, in- Industry (NSF 4.) ^ 

■ . ' ' . ■ , ■ L, " ; .-. : ' . 

Annually, the Bureau of the. Census, . urfdier support and spansorship ^ of the • 
■ • - . V 't ^ . ' . • " . 

NSF, suryeys private industirjial companies ^r-egardiiig research and" development" 

activities. All told, twenty ^ surveys (Sf industrial firms. have been conducted 

sinc^ 1953. A sample of industrial companies is chosen representing all W ^ 

manufacturing industries and thp.s'e non^manuf^c turing industries known to** engage 



p\ .research atnd -developraent . ' ^ 



V?' 

Data, are collected on costs gf •research and development activities j)er:^' ; 

'formed:' by major source of f unds by major type of expense (wages, material; 
^ . ■ ^ ■ . . ., * ' . V 

etc.); fields of basic research (phemistry, engineering, *physics, etc^.); 

product group' ^of applied research ^^d^ development ; location (Stat^^) ; and. by 

two fiiKctional categories with som^ 'detail -- -energy R&D and pollution ^abate- . 

ment R&D,^*rhe sur-vey also .-obtains -tinformatibn on m'afi-y^ars of . R&D scientist 

and engineers (but not. technicians.)-,' by Mderal arid company support, as well ^ ♦ 

as data on /company sales ahd t.otal^ empl'oypent v Energy R&D data ar^ detailed ^ 

by major , source; (nuclear', oil'; gas'i^..coal , .geothermal, solar, etc.). .(See also 

section B,^ part ia iii of this chapter).* ' » ' 

;Tne industry R&D survey, unlil;e o^iher* NSF sectoral surveys, exludes R&E( - 

in p^chology and the social -sciences. . Similarly and perhaps more importantly 

:for this sector, certain 'activities^ are excluded-, whiclf^may be related, to- 

^ . . ■ ■ • ■ ' ■ . ' 

energy .demonstration programs: riiar-ket ^research, economic reSeardh, trouble' 

shooting in. connection with breakdowns in full-scale production, and "aid<^' 

furnished '"'to develop — and to ^promote or demonstrate , new products, pr processes' 

irioluding the co^. of njaterial furnished for. trial ,or demoristrati^o^" . - No 

■ ' ' ^ ■ " ^ \ ■ " ■ , . - i ^ • fl ' ' . 

separate^ definition of -energy demonstration is 'furnished to resporicients*. Thus, 

it ia unclear'^and pe:rhaps highly probable that;^ some -of tj^g^. energy demonstration 
activities 'funqed by- DOE ra^. be excluded from the' industry research -and^ develop- 
ment survey. 

Ijlecommenda t ion : - Tha't^DOE work with the National Sc^ience* Foundation to 
*chan5^.e.. and improve* the concepts^ ^nd def iriifcions of^ R&D. a'cti^ities khdertaken 
in the^ industrial 'Sector . First, the'':sfeparate divisions of activity. in the*" 



R&D s^Dectrum should be more clearly stated^o.as to delineate "demonstration, 
activities.". These -are. carried out primarily in the industrial sector and • 
are primarily funded by the DOE. they are planned by DOE to be a part of a 
broad R&ff process and not to extend' to the ultimate commercial stage. In 
gener-all ■'operational" rather than "capital" funds are used by • DOE fc/r these 
activities. ' . 

r 

Second, DOE should represent to NSF that the current- excl^sioJ>-6^ R&D in 



R&D 



vps-ychology and the social sciences (particularly the latter) oiirits ,e:er taih 

:^^^^vance to- energy • programs . , The inclusion for example of certain »^&D i-n 
the«,'economic area is directly relevant to demonsti^tion projects. 

Consideration will have ' to be given to, the relationship of the prgp^seij 
mas':er -survey of DOE supported activities ift the' various, sectors to this NSF 
surveyjtf>f-;„'in-^^ilfi?ial fiijss^. • . ' 



R&D Activities of Independent Non-profit Institutions (NSH 8.) ' • ' 

V - - ■, , c , 

jPe^^iodically (every 3-4 years) NSF'^ha^ ^eonduc ted surveys of various? types 
of independent non-prof^ organizations . These include ^research" institutes , ' 
* voluntary hospitals. Federally Funded Research and Development Centers adminis- 
tered by non-prof it organizationsV pro^ssional and technicd], societies, 
prxva-te foundations, science exhibitors, and trade associations. ^' 
The latest survey covejQ^d 1973 activi^ties and collec ted inf orma tion on 
current expenditures for all activities, research and development programs,.^ 
and onnumber of scientist^, engineers^ .an4 technicians ' (See sec tioa B par t 
la xii of this chapter)".- Research and development data were obtainedcby source - 
of funds (Federal government, industry, o'wji funds, etc . )■"' and' by ""f ieLd .of science 
No information was obtained on involvement in |nergy research and developmenj^ 
activities. *J * ' ' : a - ^\ 

This sector of R&D per.formance is a relatively small ^ but important one. )' 
On,e limitation of the NSF survey is the difficulty of o.btaining master lists 
from which survey respondents- can be selected. No singl^e direc tory exists 
covering all types of nbn-proj^it organizations ; therefore NS'^ has developed* 
lists frorrw previous surveys, and s^P^iallzed directories. Also there are . ' ' 
complex relationships which ^s^ist among non-profit iristitul.ions and with ' 
organizations outside this^ sector, e.g. educational ins titutions , 
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Recommendation: ThatT)OE request that NSF consider the conduct of a ' 
survey, covering R&D programs of the various types of non-profit organizations. 
Specifically, NSF should " provide to? coverage of ^energy RD&D. activities in 
these organizations. • • 

h. R&D' Expenditures by State and Lotal \Governments (NSF 5 and 17.) ' 

Periodically (every 3-A years) the National- Science Foundation has collectecl 
information on the R&D activities of State Governments. T^e last such survey 
coj^ered f iscal '.years 1972 and 1973. It was carried out witi^^the cooperation of 
the Bureau of the Census. The universe was the agencies of all 50 States, ex- 
eluding state^ univGrsiti|'s, colleges and their affiliated medical schools. 



hospitals, agricultural Experiment stations, and research centefs^^y The agencies 

we^e idenj/ified from prefvious surveys and other sources. A list of agencies 

' for each^state' was assembT^th^g^reviewed by ^tate 'budge^ offices Xnot all 

such officers responded). Then questionnaib^ were mailed to agenc/ies'in 

al^' states.. A response rate of about 98 percent was achieyed after screening 

for mergers, phase-outs, etc. Some 519 agenc ie^^ o?' 1 , 276 responding reported 

R&D expenditure. ^ .■ . • ^ 

Data collected included R&D expenditu^"es' by. function (health,- natural 

resources, transpo'r taction and comrnuTi'ications) *; field*of science (chemistry,^ 

physics, etc.); and performer ( state; ag'ency ,^ liriiveTs ities , etc.^ source 

funds, and character of work (basic and applied research , -^jOevMopmetity and 

on full-time equivalent counts of scientist^,' engineers, ^and technicians 

engaged in research and development work by field and by function. (See 

i . . . • 

sedtioi^'^, '^art 'la' xii-of this- chapter). Unf or tuna^fely , the functional da^. - 
did npt include a- separate cate^^y on energy ac^vit-ies (in '1972 t'Tiis s-^~ 
ject^riad not achieved enough xecbgnition to be listed).' 

NSF also conducted two Purveys pf R&D" in local government agencies, one 
covering fiscal years 1966^ aud 1967' and the other 1968 and 1969. T.iie latter 
survey collected information by individual R&D projec on field o' f-ience; [ 
source of 'funds (Federal, State, local, etc.); expenditures for K^u [)lant^ 
manyearj^^?!; yR&D employment separately for s9lentists, technju^ans, and otSier 
pe-rsonnel'; character o'^f .R&D work Cbasic^and applied rc^search, development); 
and amount of R&D wotk performQcI by other organizations -using local government 
funds. • . \ 
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NSF is currently planning surveys of bpth state and Tocal gov^rhmeni 
agencies 'to be* conducted* by the Bureau of the Census and covering Fiscal Yea%/ 



^ 1977. ' ■■ • A 



Recommendation ; That DOE make known to NSF needs for information for 
.J ener&3^D&D -activities in the Fiscal Year 1977 surveys of programs in State 
and local gov^rhment agencies. These needs include cfarif ication of the de- 
tails of energy RD&D. 



:^Foun- 



i. National Patterns of R&D Resources/i Funds and Manpower (NSF 9.) 
• ' • ■ - "* . . 

This is an annual compilation made by the NSF^of all data from the, 

(Sation series of sarveys of research and development activities. This is the 

. e:xistang. standard national source of data on this subject. Coverage,- timing, ' 

^^P^s^^.tativeness vary by sector (see above surveys). Each annual report^ 

contains information trends. in funding and manpower since data were 

. first- cqllected-;by NSF (the la^^st report" covers 1953 to 1977). 

Though certain surveys are not* conducted annually — non-profit institutions 

and State and local governments — 'NSF providfe^ interpolated estimates based 

on long-run trends. Each National Pattern report provides overall summary data 

on expe^itures and manpower as well as selectecl details -and breakdowns provided 

by individual Sector surveys* j 
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:i . - Inventory of Energy Research and Development (ORNL 1.) 

Oak Ridge Natlorial Laborat;ory (ORNL-Tennessee) has conducted th^^ee pericidic 
surveys (an additional one is now underway covering 1976 through 1978) of current 
energy-related R&D. These three surveys were uridertakeri under spoi¥sorship/9f 
NSF and ERDA. The latest survey data, which cover three years (1^73-75), ex- 
pands and updates the two earlier inventories of 1972 and 1974. The sub(?5iTimittee 
on Energy RD&D of the House Committee on Science and Technology has spbnsorecf ' 
these inventorizes an^published their results. * , s " ^ 

Resfibndents to the survey are selected by the ORNL staff from listings 
Qt .previous inventory , surveys and industrial firms, trade associations, uni- 
•ve^sities, non-profit Institutions, and government agencies. These respon^ 
dents a're requested to reply to questionnaire on a project-by-project basis 
on their energy-related R&D programs. The respondents are asked to prbvide ' 



information :de'Scriblng the organisation, as well as data by project on the 
numbers of scientists and engiqieers; involved '( technic iarr^ not iric1raT___, , 
the research sponsor, the yearly' R&D expenditur^%y year , the proportion^ i 
of the R&D which i^ basic or applied research or development', a descriptio,n '■ * 
of the R&b project and the fields and types of energy concerned (coal , ^nuclear ,^ 
electric power generation, and a good many detailed categories). (See section " 
B, part la of this chapter).' ' . , 

ORNL estimates that the inventory survey covered 80-85 percent of all 
energy-related R&D performed in the U.S. in 1973. The 1973-75 survey reported 
on about 6,500 projects totaling some $2.5 billion. However, though-comparisons 
with other .sources of data" were made by ORNL it is not known how complete or 
representative the survey was. Instructions as to cut-off and the lack of an 
actual universe of possible respondents leaves coverage in doubt. The pro- 
posed survey covering current years will use a sampling approach which may even 
^lessen its representativeness.' Further, it is not known to what extent "demon- 
stration" activities will be covered. It is not clear also to what^ extent 
various DOE .needs for information were^considered in the design of the" in- 
ventory surveys. . 

Recoipmendation : That DOE in future' coordinate various needs within the 
Department, as well as with other agencies collecting and analyzing for Infor- 
mation on energy RD&D programs. Inventory activities might welj. be coordinated 
with the Directory of' Establishments Conducting Energy R&D recommended in i 
section B 1, part a 1 of this chapter. 

3. Summary arid Evaluation of Current Information on R&D Spending 

The National Science Foundation has established and maintains a coifipre- 
hensiv^, integrated series of surveys of funding of Research and Development ' 
activities. These surveys arce carried out in the several major secftors of 
the national economy: Federal Covernmeiat , State governments, private indus- 
trial concerns, universities and colleges, and miscellaneous independent non- 
profit organizations. Federally-funded Research and Development Centers 
(FFRDC^s)^ administered by various non-federal organizations are also covered. 
Most R&D surveys are made on an annual or biennial basis: the Federal, industry, 
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and • universities sectors are surveyed annually. Generally speaking, a core 
set of, common definitions and questions are used across the sectors, with ' 
additional questions and detail and slight- ad justments in definitions for 

. certain sectors. For example, a slightly ^dif ferent definition for basic 
research^ is provided for thg industry sec tp'r compared to ^lat, for universities. 

- (See'chfl^^ter II, section B) . V 

Though NSF has^ a comprehensive ^survey series on R&D funding, the program 

■ has several gaps, inconsistencies, arvd weaknesses. . These problems affect 

* " - ■ " * '^'L- 

directly the'^adequat:y of an ongbing or improved system of data collection 

" .. . ■ , ■ * 

and analysis of energy RD&D activities. Among the problem areas relevant 
to information on national R&D total are the following: 

a. Industrial Sector 

<- . ., «■ ■ .. 

Presently the definitions used for this annual survey exclude R&D in 

psychology and the social sciences*i Further, the definition also excludes 
certaift activities which may be related to the advanced development and demon- 
stration programs funded by DOE and other Government agencies.- Thus, at best 
it is unclear whether .certain activities (ipainly demotistration) ar^ beijig in- 
eluded under "development" in the industry survey ./ Fur therrfrore , it may be 
that some^of these activities are being excluded com^'etely. 

State and Local ^Governments 

■ \ 

^ Though NSF has surveys in planning for Fiscal /Vear 1977 of both. State and 
local R&Q activities, a considerable lapse in time has 'occurred since previous 
surveys in these areas — * 1968-69 for local governments and 1973 for State. 
It is hoped that in the future NSF will be able to. conduct other surveys in 
these areas without such long time gaps. s 

Furthermore, it is most important that a measure of energy RD&D actiV'ities 
be made .for these two segments of the economy. 

c. Independent Non-Prof it Institutions 

These organizations also have tiot been,, surveyed since 1973. Here again, 
though the entire, segment constitutes a relatively small proportion of all R&D, 
several types of organization Jiave significant programs. A decrease in the 
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' length of time between surA>eys is indicated; More importantly no measure of 
energy RD&D in this sector has been made.. 

d. Federal Government Sector 
^' i ' ^' ■ ; ' 

Information ow the functional categories of Federal o/bligations* for R&D 

- (eneirgy, space, defense,, etc.) is not provided directly byVth'e agenciefe. Rather. 

these"4ata are derived by NSF staff from detailed budgets a^n^^T&e^is^±arte t i\ 

with NSFstaff. No specific criteria are published to delineate the stas4 choice 

of major functions and subf unctions (particularly fringe are^^betjjp«?ffcategories) 

Over the years different staff estimates could' be obtained based on subiective- 

decisions as to program content. / ' . - - . ' 

It wpuld also appear that the 'de1^ini£ions \ised for develoi^ment and R&D plant 
could lead to some confusiclti — partic\ila^r with reSpect Xo fundii^ of large-scale, 
demonstration plants. ,A specific description of demons^tration funding is lacking. 

Presently re.search and development in informStiorf sciences ; documentation; ' 
and information systems, techniques, and practices are included under scientific 



and technical information rather than under R&D in'general., At^ the present ' 

time R&D in social science fields includes' research in law and education. 

'^^ . ■' ^ , ' 

e. University Sec^tor ^ ' * ' ■ ■ ' 

. ' - A 

The primary weakness of this , source is the lack of a .measure^of energy^D&D 
activities. Tt^ will admit/edly b^a "d^if f icult jtask to remedy. Generally, 
academic research and development is categorized In terms of disciplines, subject 
matter areas, or departments and other unitsJ^ Furthermore, most (70 percent) \. 
of it if? classifiecd as basic research. /MT^ ."^ 

* i 

f. Energy-related RD&D 

\ ^ ' / . ■ ' 

As indicated above, information on enervgy RD&D activities, is presently 
collected only in the industry and Federal Gov§^nm^nt 'sector by the National 
Science Foundation. The energy R&D Project fnventory irndertak^en by Oak Rid.ge 
National Laboratory (ORNL) does cover such work-.,in the university and nori-profit 
areas; however, tM-s,^is not the same type of data collection as ,is, made by the . 
NSF. One ma^j^p/weakness^^of the ORNL survey ij that -It is not based on a knowp- 
universe lifting or sample^ in the sectors and it is not tied in\to all non- 
energy R&D or to. national 



1? 
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^ One significant area in neecj of clarification and improvement is the 

specific delineation of RD&D in energy areas. "The present "definitions of the 

* ■ « 

phases .of R&D leave unclear the specification or inclusion of the demonstration 

* t> ■ ■ • • . ■ ^ 

programs 'which generally, involve larger expenditures than other, parts of R&D 
efforts. Such projects are of considerable interest to DOE in tracking the 
application of R&D fundi^jgs to commercial use being funded primarily by DOE. 
The problem of definitions for' demonstrations holds' true a,cross all sector, 
surveys, but it is^ particularly applicable in the Tndustrial sector. .Another 
subject area of concern is tne conduct^of research in basic science areas or 
basic resear?^! per '^e. It i'^often not cleai^ as to ^the delusion or exclusion » 
^selected areas under energy RD&D. For example, ,it would appear that ERDA 
did not classify certain of its programs as energy RD&D. These include high 
energy physics, navaL reactor developmen.t , space nuclear systems, opeijational 

safety, weapons, and nuclear explo'sives R&ftT Nor were all classified as R&D 

' r-v ■■ ' " ' ■ . ■ ' 

('e.g., U~235 production). ♦ . 

Another disparity in present reporting of ener^ UD&D is that detail-^of 
data^ collected by energ]^ soui^c'e is not quite t'^e same in the industry and a 
Federal surveys. Also/no survey (except for internal DOE reporting knd, to 
.some extent, the ORNL Inventory) provides information by type of energy 
technology or by -the varieties of' programs included under the broad categories 
of fossil, soLar, nuc-lea^, et,c Admittedly, every detailed category carfnot 
be used for data collection, but there is a substantial difference in resource 
. and manpower allocations by the various categories whiph wo\ild <l>e buried under a 
broad category such , as coal, oil, or solar. ^- 

Finally, it would appear that there, is ^^eed f or clarification of t^e , 
differences in listing of FFRDC'a for UOE and DOE's list of GOCQ,' s . ^ " ■■ \ ^. . 

4 . Fur they Initiatives ^^[improvement and Development of Da.ta Sources on ' . ' 
R&D Funding . ' . "^8^ . v - . 

As iii^dicated ^^apcvBy the series of studies^ and . sufvpySv^nflertak^n by^lie 
National Science Foundation -has several gap's ^atid weakji'esses *.whi^ch §hou2>d be\ 
corre<nt:ed or" improved as indicated jindei; .each source descyribed. ' ' 

These changes .sliould-be^ m^de so that a morfe specif ic , prqgram^f information' 
^n venergy RD&D funding, and manpower caa be * esta^^lished against an improved^jDase 

of national data on all 'R&D f uhding and manpower. /» ' 

' ^' . ' . • .■ , ■ ^ 
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*It iS' important here to establish again the rationale -for obtaining and 
making available information on R&D funding. Basically , data on energy RD&D 
spending and obligations .are ■ required in a manpower information system for two 
primary reasons: fiTst., it is a. specif ic. resource or measure, complementary ^ 
to diree^^nanpower data, iwhich policy- and iecision-makers use to plan, allocate, 
- ^ 'and carry rfut->spec.if ic R&D activities, that is, the size and shape of R&D pro- 
'■^ ^ams are basically described -in this fashion; and second, ratios^f R&D dollars 
spent to employed manpower can be used to estimate or derive manpower data from 
expenditure data, both past and future, furthermore, *such measures of energy 
R5,D — "funding and manpower — establish^; its magnitude against the backdrop of 
total spending for all types of \r&D, tdtal government spending for all activities, 
the total Federal government speeding for all 'R&D, as well as against tot^al man- 
power measures-. . ' 

What ev^-r* CO tree t ions o r'^iiJ^rovement s are to be made in "data collections" 
on RD&D, it is\ recommended that they be made as much as possible in the es- 
- vtablished collections • particularly those 'of tlpe National Science Foundation. 
In other words, it) is recommended that competing systems or\data collectil^ns 
not be establishe/d . . Therefore,. ijOE^'will have to use any. neans ' at its disposal — 
financial suppo^£ or, missionary efforts — directed at NSF and/or' dat^ users' ^ 
pressures crea,t4d by phe Office of Management and 'B^get or other Executive 
. ^ Offices; or other devices ~ to 'extend and. i-mprove the collections primarily'^ ^ 
made by othersiSj Of course there will be some ueeds no't applicable to ?'es- 
tablished" collections. ' There wi^l also <^be cases where persuasion will not 
.'work. Thus, DCjfy-wii^ have to meet these needs with ^other means at their* dis- ' . 
^ posal including their own survey efforts. One example is the set of surveys 
pressed for coverage of intral^ral ai>d GOCO^- ac tivities of the department. ^ - 
R^viai^^'ris, amiendments,- and adaptations of.} existing data sJurces^ have been in- " 
dicati^'d above. Following a^re -tecomm&nded* new*-' data coVl^tions -ot 'Poiicies. ' ^ 

p.y' Data 'on DOE RDfiD Activifeies ' ) ' "X 

. T - • , , • ^ ■, V . . 

' ^^The mostr important action 'indicated for DOE in the area, of R&D funding 
is to initia^te col-y^(tibn of data on al^ DOE-conduct*&d or supported activities. f j' 
Necessary to the jfestablishfiient ,of sound data' soui^es in theo remainder of the ^ 
ecc5^omy is 'ih^^j;^! ear "indication that the specific impact of the DOE programs 
is being measured , / . / • r 
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As indicated p]:eviously several basic conditions "prescribe suc|i an effort 
Eveifobefore the organization of the De^^^X^ent of Energy, ERDA funds supported 
projects that were not energy-related (space nuclear, high-energy physics, etc 
and/or were not R&D (U~235 production, weapons materials^ etc.)- Further, the 
addition of activities of the Federal Energy Administration, Federal Power Com 



mission, and other agencies have added programs which, while related, .eithe 
are not energy activities or are not R&D. ' ' ^ 

It is plain that energy progr'ams and the related RD&D activities will.be 
carried out within a framework that may - include other related dPc'tivXtiesi 
serve broader 3purposes , . The needs for. information for all of these pro^ratas 
will in most cases* be similar and the means for generating the information 
organizationally integrated. It seems pryfient to a-nticipate^ the broader infor 
mation. needs by'* planni-ng at the start for a comprehensive system. 

^^^heirefore, "^it is .recommended that without delay DOE proceed to establish 
^ system^ which would furnish at regular intervals (e.g. 'annually) specif ic 
fiscal information on all DOE-related activities. Xhis would be the basic 
data source on RD&D and related programs to-'' which"" other established surveys 
of research and development — energy-related and other -- could be joined, 
The data syst;enT for DOE itself should aover the following segments:' all I)OE 
'intramural 'programs in headquarters, field offices. Energy Research Centers 
and the like; all programs conducted by Government-Ownjf , 'CoVitrac tor-Opera ted 
faciJLifies (GOCO's) including National and other laboratories / test sites, 
field stations and similcjr u*nits; and all DOE contract sjid grants ptojercts. 
conducted^ ty industrial f^rms, universities a^id colleges, nolT-prof it ' orgaai- * 
zal^ns, other Federal agencies and state anS local agencies. -J^ ' 

.Threi basic types of data elements are suggested for inclusioil* in the DOE 
data system — RD&D and other fundijig, manpower, and training data. A starting 
point for the delineation oi program categories is the .established ^'Budget*, ^ 
and Reporting^ Classif^a-tions" promulgated by ^the- Of f icd of the Comptroller 



of DOE (see Ap^endix^i^ This taxonomy provides for detailed categorization 
by several^^pproaches including energy source (fossil, solar, niTclean) , energy 
stage (exploration,,, production, and RD&D) ,* and by technology <coal gasification 
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solar heating and cooling). At present the' system does' not allow for a cross- <^ 
classification- of these approaches ^ but more importantly the system doe^'nqt 
provide for classification of all programs as RD&D'^r not, much ^^^ss by whether 
' t;hey are --either research, development or demonstration. Thu's, a s^'arate cross- 
cIassifit:ation system needs to be set forth so tfiat DOE programs fan be separated 
into energy-related, energy RD&D, or all other. ^ 

Various data elements concerning manpower engaged in RD&D programrs' and , 
•persons being^upported under academic and related grants and contracts " ^ 

tgraduate assistants, fellows, trainees etc .) involving training have been 
described in other parts of this chapter or in terms/of the taxonomies included 
'in Chapter 11- or Appendix^A. -.The following nzypes of data elements f6r funding " 
would be requir^: character af work '{l^asic research, applied research,' develop- 
ment, demonstration,' and R&D ^p.lant and other); and program category (the various 
delineations of energy-rela tecl areas, other DOE- programs "^such as weat)ons R&D or 
production). (Employment by occupation .would • be collected also, as recbmmended 
earlier in this chapter in the section on employment.) ^ 

Th,is system concerning DOE projects (conducted or supported) is not a single 
survey or dat^ collection. The master survey system should have, at least the 
three pa r^s'me^ioned'abov^ — DOE .intramural , GOCO 's and related, and DOE grant 
and ^contract . Arfd pbviously , more detail should be reques^ted on the tirst^ two 
segments' including data n^ded for\^rposes other than manpower assessm(?tit 
(genercV^T contract reporting, • EEO, etc.) - . ^ - ' 

Much of the data needed for the .manpower inforftiatio^n system is the same or 
close to the d'ata needed for fhe normal financial and operating review by DOg/ »^ 
of its own employees' vork and the work t5n its "contracts. Lt^ is^ possible, , 
Ai^refore, that the information could .be*; collected as par t 'of ^ the ""normal Re- 
porting system '.f or cofitrac tors/ thus eliminating duplication of reporting- 
But clear and Workable arrangements would haVe to ' be made for assuring th^t^ 
the manpower, information system has ready access' torthe data it , ne^p . . 

* Further, 'since the NSF 'Surveys of R&D funding in the various sectors will 
continue, it will be necessary to coorQinate the DO]E master survey^s with these 
NSF data collec J<xons , for example . in . feh^ indu^tr/y aRd-yeducn ti6ri sectors.' 



Finally, as indicated in Chapter II, it will be necessary to coordinate 
the data collections so as ^achieve comparability and consiste^y among the 
general measyr^s of manpower-, training, and 'funding. ^ ^ 

b. Suryeys^f RD&D on Energy Not Supported by DOE - 

A second -recommfendation far action indicated in the various sources 
above in this section -is to provide for the collection of data on RD&D fundi/g^ 
in -the non-Federal sectors qf th^ .economy that is not supported by DOE. At 
present, except for the ^Inve'n^^y^f Energy RD&D projects ymade" b'y Oak"^ Ridge 
National taboratfory (ORNL , measurements are t^ken only for the Federal 
and industry sectors. " ' 

i. It^ is recommended that some information on enetgy R&D 'expendi^duj^s^ ' 
N)e collected in all major secAors. It would appear that making such an- addition 
to the surveys of indepqnd'^nt non-profit organizations, a^^ state government ^ 
would not be difficult. The need for more frequent surveys iji thes4 sectors 
•was indicated above iji sections 2g and 2h. However', it is recognized , 
that data ofellectiori on energy RD'&J) activities in" a universities and colleges 
sutvey woiild. be more (^^ficult. Generally, aci^dexiiic research and development- 
is /categirized in terms of disciplines, sub j ec t areas diepartments , or other . 
..Qrganizatiojaal-^inits.:,- A study should be undertaken (in cooperation with N^F) 
to identif^^ siich data collectian and to provide 

recommopdajilons^ fo^j^j^feir .^eiutipn Host of« the R&D (90%) preformed by ' - , 
universitiies and coj^leg^^^is supported by other 't^han institutional funds; 
two-thirds is supportea by Federal funds^alone. It, is fair , to say that each 
ih^ividual sponso.r*of R&D. projects could infotm the perfo-rmer to the ap- . 
proximate function under which to. report them — such as energy, environment, 
or defense' — even if the^ prJLmary agency . naission doesn't make this clear 
(e.g.'tJASAj DpE^)>f^ T^^:.;s^e^ means 'by -whieh universities and colleges would 

provide datfa on en ei^^^I^'^f) cannot be spelled out at this time^ Since several 
df the National Laboratories supported by DOE ane operated by universities . 
or consortia "oL^hem (and in some cases irntegrated with them)', DOE- will have 
to decide on the best^earis *of cGverirtg/ energy RD&D in these units — in*- 
cliiisioji in the general ^survey of GOCO's or in the » NSF , survey of universities, 
or otherwise. • ,^ " ; - >^ . . 



A second major area of improvement is to attempt to provide.a 
greater degree' of detail on energy R&D spending — either by ' categories o f - 
technologies or by further detail under se^parate sXi^c^s (fossil, solar, ' 
nuclear, etc.)- At' the present time this information can be provided on 
DOE funding. It is* liicely that similaj: reporting could be provided by other • . 
Federal agencies. In the major performing' sectors, indust|(ry and ^^icational 
institutions, this may be more difficult. However, a greater level of detail • 
on spending is required in order to gain insight into the types ■ Of manpower ' 
utilized in^energy RD&D programs. For example, under coal R&D,- significant 
Ijrograms^ ei^ist for liquefaction (high^BtU, low BTU, and *in-situ) , advanced ^ 
power syjst ems (open and c^^^^ cyclefeas turbines) direct combustion, advanced* 
research and supporting technology^^nd magnetohydrodynamics . - Significant 
differences in types and numbers ^^of scientist^ and engineers are involved in . ' 

these sub-programs. * . . * ' • ' ^ 

\ " ■ - ■ _ ' • ■' * ■ . _ 

For the data collections of .RD&D not' supported by BS)E, it is very impor,tant 
^ that definitions of research and development and related activities be, changed / 
and improved so as to delineate and clarify .the> pha'ses of R&lTef/orts. First; ' : 
a decision has to be made as to the specifics of demonstration , activities — 
are they to be included in R&D and if so, on whfit basi^?^ Second, it is evident^ 
■J:he proc^jss of R&D has beei:i stretched in time a?id concept,-' so tbat^ the' V 
lines particularly between applied research and developti^t and between develop- 
ment and the -further steps 'toward production have become h^y^arid unclear. It 
is possible^ that several stages of development kre required, similar to those now 
being u^d by DOE, i. e- , technology^clevelopment , engineering development,- and 
demonstration. Third, it would appea^r that the ■ provision of ^specific examples 
of types of work carri.ed bn. under each phase of R&D would help respondnijits. 
Th^ ^bove recommendations apply to both total R&D and to en^gy*RD&D, 
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■ • ■ • ' - . •■ • . CitAPTER V . ■ , \ ■ 

^ . . APPLICATION MD ■UTILIzAflOfJ^F THE ELEMEN 
^^ THE COMPkpENSIVE 'ENERGY^mNPOWER I^FOI^ 
,^ , , FOR MANPOWER ASS ES^StiENT V 

■ The assessments needed by DOE on energy RD&D. manpower • include both 
appraisal of the pres^ent -situation and identification qf prospective man*, 
power problems. This" cha|»ter will 'discuss the utilization of- the elements, 
of the system described in Cha-pter XV for both these, purposes / 

■ ■ . ■ . . ' ■ ' , . .'.^x-' . ' •. ... 

• : : ■ . ' ■ . ■ ' . , ■ • ^ ■ • . ■ X 

■ A. u REPORTING ON THE PREg.ENT SITUATION - ■ ^ ' " ' ' 

1- . Some Ques tions 'DOE Needs Answefs To ^ ^ " ^ v. ^ 

.A-^' : « ■ — " ' 

In-the first chapter,' we .cited illustrative .question^ that. a system 
; user would be likely to ask and the kinds of information that wduld be ^ . * ' 

. - !needeti- to ^.^nswer them. , Let us briefly recapitulate the questions relating 
tq the current employment situation ^s a basis for ,i^acribing how sf^oxfi^ 
components of- the information svstem can be applied to resoiving them: V:Ax / * ' I 

■ .• :-■/•■ ■ ^ : ■ ^ ■ - -/'--y^ ■• ■ 

a. What. is the volume of -STP manpower now;, engaged in energy BJ)&Ik2 . Ho.w are jthey'' 
deployed ' be tweeji energy technologies? Stages of RD&D? Occupa tio)frs? In~. V - -:V ' 
dustries? To .^hat e^ttent anH according to what patteji^ is^^5TiaTi,pbwer /- ■■'■\ . 

' fxom otlig^^' occu^^^ious-? ' . .1 — ' \ ^ 

b. . . Are any energy RD&D pYog^ams now. being hami:)ered by personnel' of manpower 

s ^ prolDlems? j What are the. nature and causes of these- problems, and wWt ppiicyr '/ 
* steps Tipiight be -zaken to. deal wi^th them? . - ' \' ' "^-"l ' ■ 

' c. In, order tp ac'hieve the fullest; and fairest utilization of Manpower 

■esources, are poHc^Tes; o^n equal, employment being carried out in_Wie staffing 
DOE-suj^portjed RD&D programs?.. ^3 * .\ ' ■ - ' " ' 

. Ipj^rder to answer " tfiese questipns^. a variety of .basi£"' dat:a>sou^es^^ve 
to be Reviewed to establish;. the character a:n<d dimensions o'f qurrently ava^.] 
ab^feiiHan power. supply, anc} still other data ^ources have tb'be ^x^minoi-^o' 
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learn whether prqblems exisf aftd what they -are. ..The first step, estimating 
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«^ the numbers arxd .charat^.teri'stics of ; manpowe;?; engaged in . or availably. f6r energy 
» ; activities, should' c&jstitute a' r,egulaip procedure with a period ^.c product once 

th'fe inforiiiation:' sys3:^in has. been established.. The- identififiLcation'of prob'le,ins 
t ' involves^ a. data watbh on sensitive indicators ;\.i^fith follow-ups to- confirm .the 
• .'S^igi^^als igiveh bvc: these iaadicators and Co learn more about the* iiature . of tli,^ 
. ■ ' ■ r- */:pt9blems . and potential, r^med«Les fo^* theiji. - The 'following section^"* describe, the 

data campon^nts "Can be used-^fpr these purpo^^. " -^^r : 

'^'t'.^i^ * Numbers .and CharaGteriistics of tlie Manpower '^Supply .For flflergy 



.n; 

V";- -"^aV^.^^STP^ E^^ in;Energy RD&I> : 



'^he annual' survey^ recpminende'd/in Chap£er IV will provide the basis "for 

, , ^ '-••.•A' . ' "'^'^ ■ ' ' ' V ' ' 

-t v- - estimating the numbers qf ^ci^ntific and technical employees c6rrently^ engaged 

■ ' ^ ■ ' ' . ■■ , . ■ • ^' ■ ,- ' '\ . 

' J '.'s'-^n.yfiSiD by .type t)f energy by 'the following st'^s: ' :,' 

* ' ^ . "'*.,'*' ■* ^ *' . (. ' ' ■ '■' 

*' • • .# " i • ' ' ^ .The, first geg;TnQnt" will .consist of those empToyed directly by DOE 

ili. Its constituent agencies atid intr^ur^l laboratories an^ in th&- GOCO * s , data 

• , . - < j ^ ■ ^ . ' 

fof wh ion will be colleqted ^at least/annually - in a manrjer coordinated with' 
.respett to occupation" and type of technology.- specif ica'tions . This segm^ent ' / 
. will provide compifete coVferage of the STrB employment! In thos^„-. establishments 
6 with' which DOE'' is chiefly conteml^d. Sinc^ the specif ica'tions- call Jor all ^ 
vST^^jeftiployment ,i^ the obsignated occupatio^^, th^Se en^a^ged in' other than 
RD&Q> and other than ^ep4rgy;-, will :a:iso ' be identif ied . - - ^ ' ' > .'^'^ - 



-'v X^. ^TP einoDloym^a^ tejba ^f or ^ other Federally^ funded energy '^RD&D^- will be . 
coll'eict'ed on r^eports f ropi^ederal ^agencies, contractor^, arid gr^ntp.es '^involved. 
Separate reporting Arrangements ^should solicit coopera from the pbh-DOE 

■etferaL agencies af f ecte'd sucli as DGD, NSF, Agriculture, etc.* An annual . 

••••V.'. ■ , '/ ' .... V 'V •'/••/• " 

urvey; of Federal Government"- cpntractors and grantees engaged in energy RD&D 
'|wfi|'»^ pi^duce ^infqrmat^ on tj^e STP employed on Go vie rjiment--fund/d . projects . ' 
.. 'Occupations by." type . of energ}^- will ttV^ reported,./ ! Together ,>^^' 

* with ;the DOE reporting, above; eatimJi^es of all^^£XP^' epiploymerit t3n energy RD&D ' 
.. supported by Federal "funds .aloag with the amount of fu,nds expended .wi*il be' 
•• .possible. : ; . . " . » t ' " F . - v ' . ^ 
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employiuen t es tima tes are the workers ' 
.enj»aged in energy RD&D funded . entlre^lJ^^:^ non-fecleral sources, especially in 
private- industry , universities, non-prof it-?institutions , gtate and local govern- 
ments, etc.. Recourse ^to the Di'rrectory of e.4tablishinents engaged in RDiS^D will 
provide a "sample f^^^ni whicncTcft;^ on employnrent '"By occupation and type of energy 
technology can*be derived. " " ^ 

As the system is conceived, the three part system discussed above will 
' permit esXimates^ 6f energy RD6rD employment by , type of energy anjd occupations 

with Federal and other RD&D funds separately identi!:ied. 

. ' J ' ,. • . • , \- 

b. . Other STP 'Engaged in Energy Activities 

la addition t;o #rp manpower ehgaged in" energy RD&D, DOE must be /fo^j^^zant 
of the manpower ^supply i^n similar occupations' engaged in other energy\ic tivi ties . 
These iatter i,nciude prpduc tion , testing,- teaching, etc., .many of which require 
-expertiiiie closely ^relirfced to* RD&D. / A certain amount of job transfer between 
these activities occurs cpntinuously ; assessment of RD&D manpower is vincompleti^ 



wit^hou.t coi^i'Ueration of "possible augmentation or subtraction through these 
related act^f^"^s'.' • . 

The' peri6die' repo>t5|ng of the DOE units and GOGO * s noted above calls for 
all ^TP engaged in wl^g^v'er activities so that the energy non-RD&P employment ^ 
will b,e availal^e for this segment. The- National Sample of Scientists and 
Engineers (NSF I5)\ when fully operat^idna,l with the expansion anci modi; ication 
proposed in Ghapten IV, will provide^ational .estimates of STP engaged in 
, energy activitjj^s tiy categories on a .biennial b'asis. By' subtraction of the 
^ energy RD&D emplbyment, a net ener^^^^U^^jmlo^ estimate for non RD&D — STP 
occupations r^^^^ns. ' • 

• c . STP Manpower' in' Other A(?tivities - . 

• ' ■ \ «^ ■ . . p . 

Although t;he principal- interest of tTie DOE is expected to be in STl" 

. employment in energy .ac tivities as noted, sope 'attention should also be 

_giveh to the manpower suppi^ in ^these ^dccupat^^ns not engaged in energy. 
' ' . ■ * ■ % . ■ *^ . ^ - 

A part of this suppiy .^may .become available foif' energy activities under 

\ ' . '■ •• . ■ ■ . ^ ■ 

• certain condftipns; for example, *^a\ res eai;Gh physicist undertaking funda- * 
mental research in magnetism, 6r "a -ceramics engiTieer, .a t trac ted - to geo ther- 
-mal fluids corrosion problems, ' ■ • . ^* 
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• \ ' y • • • . ■ ■ . . . ■ 

\ While the National Sample of Sc^ientists and Engineers* (NSF , 15) , when 
developed as proposed, will provide Menni^ m£tnpower supply data for* the 

principal 'STP occupations, other dat/i sources are more immediately available. 

' ■ \ . . ' 

The BLS Occupational Employment Survey (BLS 2) is the prihcipal source of 

, , ' . ^ ■ ' ' ' • I • " • 

occijipational manpower estimates/^made periodically that agency. The decennial 

Cehsus of Pop&ilation and the forthcoming quinquennial census beginning with 

/ 

; 1985 should be kept in mind. Interim NSF estimates are useful for this purpose 
as arre^the manpower data of such professional societies as th^ Engineering 
Manpower Commission, the American Chemical Society, the American Institute 
of Physics, and \xhers for selec ted .occupations . Several of these .sources 

.provide est^mate^' of unemployed STP as weA as the employed. ^ , 

d. Non-STP 0<::cupations / 

JVhe comprehensive energy manpower information system has largely been 
defined in terms of the professional STP occupations which are likely to 
cause staffing, problems since they do not. respond as quickly to changing « 
labor- market factoi^^las do workers in occupations requiring shower training 
periods. However, certain of the ci;af ts,^ such as machinists, construction / 
cr-tifts, or pdt tern makers, and semi-skilled occupations, are examples of 
QQC'upations .which m^jy t^e^ome important concerns' to d6e . • ^' 

-^Manpower supply^ data for _ such, occupcftions are- less numerous and fjrequent. 

,The decennial Cens\^;f)r6vides benchmark da^ta, and periodic estimates by the 
BLS based upon employment surveys are available. The Bureau of Apprentic^e- o 
ship^and Traihing in the Labor Department provides completi^^n and enrollment - . 
dajsa<;for apprenticeable occupations meeting Federal program standards (ETA 4).. 

JThe addlti9n^of such 'Qccupations/^^en Critical , tx) the DOE and GOCO* periodic / 
reporting'^system will provide a useful new element for assessing the manpower ' 
supply. ^ . • .4 ""r .;" . ' ^ * ■ 

3. Assessing Problems in StaLfing Energy .RD&D Erograms ' ^^.^ ^ 

The potential ^f or manpower^' problems cannot be overlooked -in the massive 
array of RD6.D programs that DOE now has centiral responsibility for planning,', 
'initiating ahd! supporting ,* ^e programs/are varied, complex, large-scale, 
ancj o£tep carefulJ^y sequenced i*h stages' of differing Hftivity. The 



programs aTyb often change as unpromising, leads are dropped and new initia-* 
tives develo'ped to exploit openings n^ad6 by other research or to meet changing 
natir>nal needs.. , . ci^ 

These programs require large numbers of highly special ized * personnel , 
whose availability and qualifications are^critical to the success of thxB 
programs' objectives. The number and kind of the personnel required afe 
t-jPso subject to change according to changing program emphases. . 
DOE therefore has to be alert, to the signs that Thay he raldA manpower' 

'problems •that will hamper the conduct of RD&D prograrq^, ei'ther delaying their 
optconfes or frustrating their looked~f or' success • To^ Igarn of these incipient 

npjoblems, the relevant current indicators in the information System have to ' 

be regularly^watched 'ahd analyzed. To be of use, the analyses should be reg- 
% / ' . \ ^ ^ ' " . ^ ^ 

ula'rly ttansjiiitted inr^comprehensitle form to officials concerned with RD&D 

' ' '"■ , ^ . 

program plannin?*^through cl)ai>n'el*s of 'communication established f,of this purppse, 

j> '.- " ' * ' • ' * 

■ The data watch on ^Jotential problem indicatoi>s should include -the fbllowing 

o •• ' - - . • _ , , ' s 

a. Turnover and/ EnM^oyment Changes • ^ r 



Do rising^ turnover rates signal problems in some programs dr . f ac ili ties ^ 
as compared with others? .Are the .causes reflec ted in dp ther indicators, such«^.* 
as expanding emplovinent in other activities or industries? Or ^do they^ reflect '^-^ 
-management or personnel problems for which other documentation 'should, ;be 
sought? " ^ ' . * , . 

The primary data source on turnover is Contractor Emp|.oyment and Turnover^ 
(ERDA 2) which covers tTie approximately 60^ GOCO facilities. Total separation 
and .accessions are given,, plus detail on quits and layoffs, with) breakouts on 
all items for women and j^inorities. Inasmucf^ as quits arid layoftjs^re^ii^nd - 
inversely . e^h other, according to ch^ges-^in the labour market^ it\^ . 
important to' identify which of these components accounts for t'he f tui'nover 
changes. (Quits, as .noted before, increase in a tight labor, market*, decrease 
in a loose one.,) Analysi^of the dafa should consider: ^* c ' 

\ « , * ' ' ^; " '\ ■ ' 

•I) Changes in trend over time; ' . /' • ' ' * 

A ' 2) 

' , ^pi^j-pfia-rlties between di/f erenf'facilities or occupations at a " - 
• * t^"' -T^^'iven time;, and " - ^ ^ ' . ^ ' ' ' • . 

'>WO) sKarp divergencies between infernal DOE and o ther « indicator sV (e.gA' 
BLS 3) allowing for differences in coverage of thpse ' indicators 



While useful analysis -can be made of Contractor Employn^ent and Turnover. 

data even -with th^ present gross classifications of occupations, more meaning- 
'" ■ ^ \ " . • • ■ , . ' ^ % 

ful analysi.ti. depends o\S the adoption of . r'ecommendations made in the ptrevious 

chapter for a substantial expafi^ion of the occupational^detail reported in 
that survey » , .'^ " 

The only other, major "outside" indicator of turnover against which DOE 
experienc'e can be compared -is the BLS measure o f ^LaKor Turnt)>/'^r ii^jj^anu f ac tur ing 
and--Mining (BLS *3) . Because the BLS measure dontains only industry ^.'dentif ications 



• and no -occupational identifications .whatever ,/^S^arisons of the analbgous uni- 



. verses can only be crude, the best approximation being that ot encrgy-'iTOLated ' * 
ir>dus-t«res identified by^S.fC in the BLS measure, ^ The composition of .GOqjD 
and BLS employment coverage differ^s significantly, because a substantial proportion 
(about 40''- percent), of all COCO employment .consists of scientists and engineers, 'and 
the factoi^ employment covered by BLS has ocily a sn^ll proportion ' of such oc- 
cupations," -Notwithstanding this lij^a'ta t^or) , the use of the .BLS .measure to - 
establish a "^'bacli^gtound count" — 'a^ estimate of tig1itne?s or looseness "orT'"^.. . 
the overaJ,.! employment universe in energy -indus tr^lss — can yield , important 1 
clues as .,to the causes of turnover changes in various energy sectors in which 
DOB is interested. . • ^ ^ '. ' ' ' ' 



Reference tb employment -^dicators described in Chapter 4^cah supplement 
^ the turnover data'ih documenting alternative employment de'majid.$^ ( i ndgcated -li^y • 
^g.v. ■ expanding or /Ic^trac ting employment) in related ihdustr^ies. or Ngccupations . 

^' -b: . Salary Ratbs . ; ^ ' : ' 

* , A^e disparities a^p^earing in occupational salary r^tes-^ha±^^ ■ 

or retaining needed specialists? j . „ -tW* * 

Do the salary rates for all scient is t's;* and engin^i^s : ■engaged ^n R&D or in ' *" 

certain categories of ^facilities .(as indicated 'by Batteiie^s National Survey qf .. 

^Cpmpen^tion .— B-ATL 1) show' signif ic?antly different trqnds-. from tlfose in'.all 

GOCO eatablishments or selected laboratories? Can the background trends*. in - 

salaries be ^confirmed in the o ther. data sources dcsc^bed in Chapter 4? (What' 

does the B.L5~PATC survey (BLS 1) show for chemists and engineers for-' exiimpre? ) 

• ■ ■ • ' , ^ ■ ' . • ' . ;: t \' ■/ ' . ^ " ■* . ' . 

*Prpf fessional and technical workers account for . ahout 15 pertient^pf alX Vorkers,v • 
and .slightly more in manuf-ac tur ing . ' - - " ' " ' . ^ ' • ^ 



c. Want Ads ■ / ^' £. ^ ■ • * ■ ' ^ 



Are offering salaries in the Endicott (NTsTJ 1) or ,C:9llege Placement 
(CPC 1), or prof essional society reports departing from entry rates for 
equivalent, jobs in Government establishments? Are iob offers in these^ 

''outside.'^ indicators increasing rapidly or showing signs of remaining unfilled?: 

b. . ■ r 

^ Is there evidence qf a significant expansion or- conti'action in the'over- 

all^ demand for;, scienti/ts and engineers that ^shoaj^ taken into account in 
DOE-guided, personnel 'polfci^''^ on recruiCTnent;, "j ^^ ^tojmo tioil and ff^^requisites? 
^e Deutsch, She^ and Evans ''Engineer/ 5c le^^^^^^^ provides 
a- confirming indicatpr of the^level^.o^ ;:et:rui^ent- ^^vity as evidenced by . ' 
the volume. of want ads. Pro fe;;^ior^ society of 
openings and applications* and^of ten ^summarize, Che'state of their job markets. 
At least one organization The Scientific Manpbwer Commission reports 
monthly on supply and demand developments in all S&E man"power^^' 

"illed 0;^enii^s » , ' / 



To the evidence of unfilled openings sHown 'in the internal reportijRg-:"'' 
, system of DOE, some furUier evidence on shortages in manpower can^^e found in - 
^public employment office, reports on the volume and nature of unfilled openings 
or job orders;'^ The U.S. Employment ' S'ervi^^^ ' s files of unf i'lied openings or 
, job orders show the occupations i^' demand Ijy employers , salaries offer^g4, and-. 
" the /areas where, t;h^e: nq%,^n^^^ (These are. shown in USES "Job- 

• Flo/.: -and ''OGrt?ii^&J£.i-on^ in .Dfeman'd'* reports ^^'^f 3 .0 ' 
: • Like maniy ln<ii:catqjfs d^ tha^- do not always 

coincide wlthvthe^ anaiy^: Vs. in the job** market , th^ 
' av^il^bl-e indicator's are not always conclusive and need confirmation by oth 



er 



indicatorSy' but bj analysis of the* relevant components in a system of infor- 
mauion the mar£et tendencies can beijr^e clear. ' 



.-The, Scientific Manpower Commission^ is *a part;i,cipat irig 'o^^ganiza tion , of vjthe 
' American Association for/ the A^vanc^mei^t o'f Scienc^f .., While generally hot an 
^ orfLginal source of data^^ it^collates and pub^ish^s i'^pendiuiiis ^data on S&E 

manpower (see ^SMC IV anf reports '.dti supply y^.e^^^ivi 
,/datav sources in- its tnont^ly publ^^cation, .Sc ^ ^j ^^Enginee?'!^ " ^ 

* Comments .. ■ ""'^l^^^^' . ^ ^ ' - ■ - -' ^^ 
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e. Other Labor Mar4;et Indications of J)if f iculties in Hiring or Finding Jobs 

An example of confirming evidence on difficulties ±h hiring is given 

by the Endicott (or Northwestern University) Survey refjort (NWU 1).- This gives 

the number of jobs and the average sald^es offered by employers to college 

and university graduates in typical graduate entr^jobs. The survey also 

shows the actual hires made and the actual salaries paid compared to the 

offers made, the previous ^esir , This com^risoh of employers* expectations 

and their actual experience reflects to a fair degree the state of actual 

tj'ob market responses to employers assessments of what those responses will be'. 
... ■ * ■ . / , ■ . ♦ 

Additional confirming .evidence should be sought in other ind?.cators. The 

College Placement Council*' s reports ' parallel those of Endicottr-*'to some extent 
in what they seek to show about employment offers to new entrants, anlf thq^y 
should be ^xamined to judge the state of the job market. This involves com- 
parison of CPC's Annual Survey'^of Job Offers to College Graduates (fPC 1) with 
tho^e of previous years and similar examination pf their /Re(^ruiting s^^^ivity 
^Repprfts (CPC 1) to tes tc employers ' actual hires againsJt their previoqs plans to 
hire; .The Engineering >^anpower Commission of the Engineers' Joint Council pub- 
. lishes additional evidenc^e' on the^ job^ market in its Survey of Placement of 
■£ng^ineering Graduates (EMC -2) . These reports reveal gradations in the employ- 
ment status of engiri(eer,ing3^j^duates which reflect to a fair degree the strength 
of employ*er demand ^ann the comparative success of graduates in getting hired. 
■The relative ppsition of.STP supply in relation to demand is also indicated in 
the Applicant File of the Mp^yfeent Service (ETA 1) which shows , by ' occupation , 
i^the volume of job seekers ^N^OTploymeat ^ervice offices. Some 'of -these appli- 
cants will be unemployed, ot?¥^^s w.ill be employed individuals seeking better 
jobs. Even though USES has been o-nly a minor intermediary in the S TP job 
market, changes in. the* small . proportion of job seekers' u.sing the. USES^can be 
indicative of changes in the '''tela tive bala^nc^ si^pply and demand by rev^ealing 
unusual difficulties eithei: in'hiring or gettdJ^ hired. ■ p'- x 

Again, as in many otfher indicators , the e^^^S^ences/ r ef lec ted in tlies^l)^ 
I'epdrts are no t^ always relev^t to, the situati'S^^fe, s^c^Lf ic occupations , but , 
the^ signaj; an afert tainfj^tfences which . may ^Iso ^PVec t *tfte specific occupa- ^ ' ' 
tjioxts and point to a need fot systematic exploration of all other relevant indiT 
cators. • / . • . ' ^ ' ' ' . * ' 

\ "T^he' ''Manpower ^Intelligence Network^' ]^oppsed ici^Chapter IV would add j.nf6r- 
ri^tion that is current , ^flexi^ble , and focused on ^i^^^ Ri^i^ manpower !^ \ 



f. ' ^^^ternal Management: Actions to^ Relieve Shortages ^ 

What recruiting or ather policies need to-be changed to respond to the 
. ' condit^ns ,shox>m by the dat^? Sometimes both tKe existence'^nd extent of 
. forces affecfting the employment situation and the measures used ''tp counteract 

them ara rovealed in the statistical* aggregates o*^^ the ad hoc actions taken 

■ *> 

by individual employers to meet the specific conditions they face. Where 

/^"^ — * ' ^ ' • .' • 

.hiring is difficult, employers may resort, to increased overtime that/^en 

the situa^tion is extensive, will show up\is rises in the averages ' of ' ^41d 

overtime holers worked in individual- industries published by BLS in their 

monthly series on Employment , Hours and Earnings (BLS 5). While these data^^.. 

apply to all workers, not just scientific, technical and .professional worker^iS 

they are nevertheless useful as background indicators' in the absence of data '^1^1 

/ specifically i<Jentifying the precise occupational groups involved'. * ' ; 

^Some other responses by employers are not'^asily or ordinarily^^^sured , 

but can^ be elicited by special surveys . when .the need, for this information' 

^betomes important for policy decisions. Hugh Folk and his associates designed 
• . , ■ f ^- ' . A. • • '\ 

a survey to c,ollect such information, and this experience could be used by 

■ ' ^ ■ , ■ ( , ■ y t> , * 

tDOE in special ad hoc sur^-eys of employers in ei^e^^rgy RD&D if at any time it 

* appears that problems have arisen.-^ ' • . ' 

- . ■ , . ■■< . ^ 

Employer actions can involve redifctign in hiring qualifications, redfesign^ 

• ofWi°^s»* subcontracting o^f worTc, cancelling of production or refusals fco ..'V 
accept new work. In addition to establishing the nature of the employment 
situation, the. information collected can'also point, to the prevailing^'remediis' 
being .used by employers to 'cop^e with the Situation; sometimes these ^remedies 

' als.o reflect employers** e-xpdctations that the problems are onlv short' jtermh 
Where serious manpow?ir shortage problemsr ate s.ugges'ted by other indicators,, 
such special surveys may be •worthwhile -and fathering the information 'tTtaAL_.be~- 

' come feasible if a vehicle such 33 tl^e recQmmended-^ Direc0>j:y is' estS^'ished 
a$^a survey sample 'f^rame, alternatively; 'the Manpowet, Intelligence Network 

could be used tb^get information quickJLy. ^ 



'-^^Fplk, e^, al^ oV. cit .:/4p . 253 ff . ••'^"'^ " ^ " 



ERIC 



■ \ 

Sometimes, the da taxfeources rnciy rev.eal conditions -not of shortage but of 
over-supply. l\fhere the tpture and dimensions of the situation can be determined^ 
by -analysis of all o~f LtTe relevant data, policy actions may_be called for in 
areas of training support or in other areas where programs operate induce- 
ments to enter or remain in the profession. Of course this woi^ld be a sensitiye 
and complex .subject involving study of a variety of factors and a consideration 
|br long- term-supply needs. Where indications of possible oversupply are allied 
. ' tt) confirmM^pg data of overall economic slackness (in the data sources cited as 
• providing a \"backgr.ound count" and in other relevant indicators), efforts to 
reduce the supply of specif icSTP might be ill-'considered . -^Such efforts might 
be equally ill-considered if the evidence of oversupply was localized or 
connected with temporary program ^sloca tiojrS . In situations such as those, ^ 
programs of mobility assistance could, be considered, or holding pattern or • 
taie'tit stockpiling actions could be under taken, including-^expansion of sup^prt 
, programs. The subject i§;|.; freqiienjily controversial, and the potential actions 
are cited here not as reconfmenda tiona , but as options that will inevitably be i 
considered and vill therefore requirl^ accurate and relevant dat'a in the process 
of th^t consideration. » « ' ^ . ■ ' - 

Equal Employment Opportunity ^ • . 

"7 ' • V V * ■ V ' ■ i. ^ 

The present ♦reportinV i^ystem for' ERDA laboratories and pther €0C0 es-^ 
4 r •• \ „ ^ . ' 

tabli-ahmentg^ fortunately identifier?, the Hl.tnority and female aomposition of " 

\ employment- and of employment actions ~ .aflthough the occupational identification 

^•f thpse components is exceedingly broad. One a^pr(5^ch , to ^£j'ssessment of equal ^ 

employment opportuni^ty progress is to compare the 'compoeitidn *of employnfent in 

the sul^ject organization — the laboratory or GOGO facility/ — with that\(3f> 

. simil^^ or^i^elevant employment in the .community . .The selection' of Jthe ^appropriate 

context is*J-subject to.,a. variety -.of criteria which have not been firmly establi§^d, 

^ ^'^^Ay ^^4^^ of ■ Population data, after allowa«e- ffi)r expec ted- changes since the" date 

of ,the"Census, pro\j.lde a variety of in^rma.t»ln.. by'^trad t J-ocr^l^^ 

In home cases,< there are la^'^r -^data on^'femploymen t in gi>ven ylbca^lities bV In- 

-dusOiries with infox.Tnktion*-^ ^minor.ity ^nd . f ernale composition by: occj^^t'iori\ ' , > > 

ta'* are a^mftted^y sparse .an^ o^fji'&n la'c V^|^^e s|W'r -b^ 




a variety of indicators can identify apparent departures f rpm tf air employ- 
ment policies. Where thesife:;a;re revealed, the next indicator$' to watch are 
^ those which reflect remedial (or aggravating)' actions, namely those on 
hirings promotions. The availability of expanded occupational detail in 

the internal reporting system of DOE and its contractors^, recommended 
previously, Would mal^e the monitoring of etnployment practices a far more ac- 
cJtirate^ Operation. * • ' 

B^- ASSESSING THE ^^ANPOWER. Ol^TLOOK TO .IDENTIFY PROSPECTIVE PROBLEMS 

The question of the availability of. qualified research personnel als^ 

^ ■ . > <i . ..... 

becomes important in planning energy RD&D^programs for several y^^^ ahead. 

This is especially true if major* increases in program size are contem^ated , 

but cou-id also be true even without major program increases. Since the kind 

of scientific and technical personnel required for research in the various 

energy technologies differ, a substantial shift in program emphasis, even 

wiTbhout art increase in the total program size, would create different demandi 

for! manpowerX Moreover, ^ince other ai^;eas of employn^nt compete with energy 

RD&D 'for some x)^ the same kinds of specialists, a substantial change in any. 

of thesQ other areas might, affect the availability of manpower for energy 

'prpgrams. ^ J 

- ^ To assure the availability of "an adequate supply of manpower for the 

atcomplishment of energy research and development programs** the DOE needs, 

therefore, first 'to estimate' the future specialized manpower requiremeirts , 

of its own programs, thpse of . other energy programs, and those of ' the 'com-; 

»peting areas of^ employment, and, sec^d, to assess the future su^iy of 1 

trained personnel, which may be affected by t^e number of . students riow in 

the training pipelines, and. such alternative sources for new workers as 

- ■ ' • ■ . ■ t • ' ■ , 

immigration and transfers from related occupations. 

i » Estimating Requirements for Man^Sower ^ ^ . ; * • . , 

^ • . • . . - ' " , ^ ' . - 

The primary concern of DOE" must be its oxm re'quirements-.f or specialized 
.manpowe.r^.^for it#*cnergx RG&D pro-ams (both injt-ernal aj?fi contractual) . It is 
in^ "fetter/ position to make th,ese estimates, thaa^yone else because of its 



•r' ■ * ... ^ ^ • * . ■ ^' • • '-'V- ■ ^ ■ • 

'intimate knowledge, of the field ^and of the chatTging content ^arfd direct loins' of 

the reseaVch programs. DOE will alsQ .have considerable i^Jit^eSt in estimating 
theSianpower requirements for energy RD&D that are not generated by its own 
cesearch programs but that arise out of research funded by .6th-er sources — 
industry, state or local governments^, or foundation^. . 

'Although the present report i^^j^kfined to energy RD&D, DOE also has to ? 
» be. toncerned with th^ ,nohTrese^-3rch\^ the energy-related 

industries (f or constructiori*, prodii^ftl&ion, etc.) not only because of the breadth 
of 'DOE 's responsibility for energy bu^^--aJ.so because non-research functions may 
compete for ^bme of the same engineering', scientific and technician specialists 
and skilled craftsmen needed for energy RD&D. 

Finally, the prospective needs o.f ^ther industries and research programs 

. , . . , £^ ^ 

•for the same types of specialists have to be taken. ^t^ account .^f^Wlth ^esp^ct 



to^^these, DOE can count on information atid estimates'* from other agencies • 
. concerned with, assuring the availability of manpower for their missions, and 
of agencies generally concerned with manpower- needs, such as the Nat:j.onal 
Science Foundation and the Bureau of Labor Statistics. ^ ' . ^ ' 

. a. DOE~Gerterated RD&D Manpower 'Requirements ^ ' 

' ' /' _ ; ' ' • . * ■ ■ ' ■ . ' ■ , 

The most, dyn^i^mic force ^nerating requirements fo*r energy RD&D manpower 
is the DOE budget and re^ultin^^^^expenjditures for r^ifearch both in intramural 
laboratories and on contracts or grants. DOE t-ljeref ore -needs , as an essential 
part of its manpower information 'system, a method for estimating the manpower 
requirements for the various kinds of RD&D xt supports moSt useful way 

of expressing these manpower requirements, is in terms of the budget o^r re-' 
porting categories in which DOE's RD&D programs a^ organized, esp'ecially 
a^nce these categorieay are capable of being divided, into component's related 



to the varibus- energy sources and technologies. The critital need is forx in- 
formation on dollars of expenditure and mclnpower employed (and resulting cost- - 
per-man Tratios) , classi^fied by these categories. * ■ ^ 

Budgets, strictly^ speaking,, are developed for the -following fiscal year,^. 
.and may be reduced (1^ sometimes incVeas'ed) at Various^ stages in the process • 
■ — in the.,Departiiier», in *tKe Office of the President , *and ^in the Congress.. 
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.. . - .v • " . • ^ . ^ :^ • ^ . ■ ' 

TJie firmest budget figures, therefore, ar^.thd^fd .farthest along in this process, 
. ' and^they pr6vj.de' guidanc^ as to expenditures and manpower needs for shorter 
periods into the futur^. Nevertheless:, -an estimate of ma'npower requirements 
for the budget requested for |he following year may be desire^ ^ For a some- 
what longer-term outlook, . the.;5-year forward plans that haVe been made by 
Federal ,agen"cie^-would , be the basic reference. Xhese are usually expressed 
in terms of^dollar expenditures. 15 DOE continues to develop long-term, plans 
for^ energy RD&D as wa^ done iu 1976^'^' the^e can be used as ^the basis for a pro^^ 
jection of manpower requirements. Pro j ec tions'^'pap also be generated inde-.. 
pendant/Ly fro^other data/ j ■ 

To\translate expenditure programs expressed 'in dollars into ^man paver 
requires ir\formation on the, numbers of various kinds of workers employed per' 
doip-.ar of expenditures. /The reporting program 'on DOE intramural and contracted 
RD&D activity referred to in Chapter IV is Resigned to provide, for 'each type 
of RD&D, by energy sourc-e'or technology and by,s.ta^e of progression (research, . 
d^^velopment , demonstration), a pattern af empldynient (by occupation) -pei;:^ dollar 
spent.. These patterhs will differ among projects — everi an^png projects 
yilassified under, the same energy technology , Moreover', the dollar/manpower o 
ratios or the occupational mix mav haiTge over the next few years as the research 
• programs move on to new stages. - jCf • * 

The five-year Institutional Plans gf the energy research centers and " ' 
l^b Bartlesville, Argonne, Brookhaven, Hanford, 

etc.), deve/loped in 1977 for the first^^^me, givd some clues as to the ex- 
pectations, of research' managers as ' to manpower requirements per dollar for each 
^progrctm, but few clues as to changes in occupational mix. The information 
proyided is not. consistent from plan to plan; all show. pro j ec ted RD&D op- 
erating and constructipn costs,' by- DOE budget or accounting classifications 

.^^^ ^1^^^.^ to energy technologies , and the manpower requirements for ' " 
each, projected to 1983 (in mos-fe-^nstances) . Only a few 'show the present - : 
— usually for' 



occupational mix — usually for ' the entire lab . Only one report, ^comments on-' 
projected shifts in occupational 'mJ.x_L. 

••' ^ ' ' ' "^^i^ ' . ^ ■ • ' ' ' • ' 

. Energy ^Research and Developmen,i.:^dministratioil, A. National Plan for EnerRV " 

tRe'search, Development an^ ^Demon^ratlpn :/ ..Gireating Energy Choices for the 
' Future, 1976 ^ (ERDA 76-1); ' ]f^asii^hgWti, P976. 
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No one is better, dble to. in§ke judgments as to future changes in dollar/ 
manpower radios or occupational mix than", the project matldgers themselves^ and 
it. would be extremely helipful to the DOE's manpower ana^-ysiS if stich judgments 
wS^re requested, in the coigrs^ of currenf an3 . future 5~year inj^^tutional planning 
exercises. / ' ^ _ ' . - ^, ^ 

For the RD&D work that DOE is having performed on contract, it" should be 
possible 'to use the project proposals* themselves as a . source of information 
on the' judgments o^f project managers on the occupational mix required- and the 

likely manpower requirements o£* the 'project . ' , .[ 

, ' " ■ ' ' - <^ • ■ 

In using do'llar figures for program projections over a period of several 

... >^ ' . . ' 

years, a qu;estion arises , as to howi^to adjust for in'flation — specificaTly 

the gerteral rise in salaries and otTier costs of -Rfi&D programs, whicH »has ^ 

averaged 6 percent or more annually in recent years*/ If the dollar figures 

are considered fi^rn, . then allowance • for inflation has to be^made; if the^ 

are expressed in constant dollars, *or if *there is an assumption, "^that the 

ultimate figures will.be adjusted to reflect cha4:iging costs, theji it is not 
necessary to adjust the irranpower-per-dollar ra^os cjerived from reported 
data.. This point is mentioned only as a reminder* tl;i^t' the issue has to be 
considered.". » rv ■ „ ^ - . , 

Manpower~per~dollar ratios .are also affect^^by tbe si^tate of the art • 
itself, and the increasing availability qf Vso^pni-eticated . iind costly'' ins tru^ 
^mentation and equipment for re&earch . .V ^.liS-. -^^^^ . ' . ; > ♦ ' • 

The* i6\ig-t'^& energy RD&D plan of 1976' ,(pRDA 76-1, referred^ to abov^) , 
or future p^ans of this type, represent ^a different kind^ of'rprbyie'm/as far - 
a S' development of manpower recyiiremerits/.projectionS' is cbnQ^^rnedr This 
plan was expressed, not in dollars' ,but^. in terms ;bf goals^and rou^h time- 
tables fo'r each necessary step ifi -^development of ea<I:h sourcjg^ of energy- or . 
energy technology. They could be translated > into manpower'- terms either 
directly, by the program officials responsible f-.o;r ^h'^m,/ ar ^fter-a dol-lar 
cost estimate has been made. tf the 'dollar '-casts 'are- ba;sed\in part on a 
judgment as to the members tof scienti£ic a^d technical workers r'equire^d to 
implement the\^an's goal's then it were Jbi^t- 'tp*. u^e ti^he-jofraer lying manpower 
requir,ements projection rath'er -th^n^ incur ^^te'^danger of -errors first in •." ^ 
their translation into dollars and second in.tiiranslatings^ the dollars back, 
in^zo manpower — possibly with different dplxar-manpower ratios. / * 



b.- Requirements for Scientidfic and .Techrtica! Personnel • Other Than -Thds'e ^ : 
. Generated by., DOE RD&D Programs/ . * * -^'.^ ^ 

: ' ^ ^ ' ^ -^v. * " ^ ^ y ' 

J];his category incudes (a);' manpower on energy RD&O riot", funded^ by DOE^. 
^^.) scienMfic and technical personnel ia energy^rjala-ted \d|iidu^ but not '\ 

- »^"gaged^^^^&D ,^and (c) , all other scienti^c anjd techrtit'al personnel, • * * 
e DOE has an interest iri^ current sbatistics on and future req.uirfeTnertts 
tor the first ^gtoup — - how 'many are engaged in energy RD&D that is ifot . • 
funded by DOE anci what .will be the future manpower requif ejnents for this work?^ 

DOE also has. considera©.e cToncgiJfer for the, second gr.oup, not only becaJse 
their^ work contributes .tov achievement^ of energy* "productiopi goals,- and" ^n. some 
cases" is supported by DOE' funds ,: but ■ also because,' beings empfoyed in energy- / 
r,^lated' industries, •they'^are inost readily available ^l^jj^^ manpower 'resource/fo'r ^^ 
RD&D programs in the sam^e companies*^ » - ^ . ■ ^ , 'P 

^i^BOE's interest in the tMird group is primaril>'as a^icomponent the total 
^^^y of scientific ^rH teckni^cal^ m^npowepT potentially^ ^^ilable to meet.th^ 
^requ^ements of DOE as well as other -demands^. 

a\i earlier sectiJn, of this chapter cli^cussed^'how an estimate of 
^current employilient .on en^gy RD&D not^^f unded" .!5y.' DOE" iip.ght be mad'eV f Re- ^ • " 

quirements 'for the . future wou^Ld depend on the. f i^nancial resources avaq.1- ' , 
able and o^i mahagemen^ judgments, as to the pay^d^foT an^investm'ent in - , • ^ 
this' ;type -of research. There are data by which the resourced available * 
for R&D might.be prpjected by each industry for future years, but little"* 
to go onu either ^in theory or in dataT, to project the management decisions ' 
as to the^.li^es of research and" development' worth pursuing. ' ■^'^^'^''^^ 

■ Resources -available in each ,indtistry for R&D may "be projected 'by using - 
. > ■ ^ *■■ : . . ■* ' 

da,ta on R&D expenditures, per. unit of sales in . each industry sector and pro-*"; 

jections.of industry sale's volume. R&D expenditures per unit, d£ s"kles' tot eichv 

industry are available, for series off'.past y eat rs from the NSF/Census .^urvey^^f X 

Research anij^tfjgtoment In Jftdustry (NSF 4) . ..The NSF^ has T^ioneer^^d' .^^hfi^-carefjii. . 

. analysis of tfljl^&ata^ and the trend's thej^ 3how/cover^ing. the entire ecbnomy.^^ 
'Shef trends^ in indns.try sales for the lO-year pieriod up' .to 198^ .were .prb jec ted 

.on tfie-. assumption that they would continue to increase at the. same ^ate as iri 



*Nationar Science Foundation., 198 5\ R&D Funding P^o j e^j^'s . (NS> 767314), 
Washington, . 1976 . ~ , / « . , . -t 



. 0 thfe. recerit'^g^pat/ . A'nojiher approach to ^roj>G ting incj[ustr-y sales, based on a^ " 

' . more complex analysis of ^.he inarketr.ancj^ technolOgica;l factors affecting^ . 

- -each .dridu:Sti^.y- with in^ cqhtext 'df tn# expected growth in GMP^ and national- 
^' income, is illustrated b'y thi^' Bureau of'Labor Statistics' Econopiffc Growth'^ ^ 
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..^'Stud^ies^.*- ' From tt;iesej R&D expenditures can be estiJiiateQv for. future ^eats. ' ° 

Ti^^Kj'.and .tfhes^ can be .translated,\.into /fnanpow^r by the "ratios of scientific .au4-, 

technical/ manpower- Rli&D''-tO expenditures. * v 

■ ../^";.\-. ' How-much of this'".wourd; be. In energy, is, how'^ve-i* -.more d iff ic,i™^ 

'^4*'^ ' j^j^g^- ^ Asl .an q^,ersimpiif ied' apjirpach, pne^coufd 'take thfe 'jiercerit ^of^ U^tal ' 

KSti) actav.ity^^ byvehergy .R&D ift e^/:h industry as 'of 'the ^ost recent 

V^v ■ year/aAd .'prbjiect thi^. ratic^'"fcor- t']|e Suture. Al/Cernativelyjv?Qne bould , Assume 

^. that subs.tan.l^^lly all ehe .RfiJi) prpj ected -for. the^-energy-praducing / converting 
• V • ■'. ' ' ' / "i. ■ ■ ■ ' ••."''=*' ' " . ' i> , ' ■ \. 

'^and-j.dx^t^J}buting' industries 'wo'ultl be eriergy ■ R&D . i Neither of theSe methods - 
^' ■ ■ , --^ . ■ ■ ' "v ' - . . '. '. .•• 

^of- estimating takes>^toVacc .>the flexibility. Of ; 'research .mana&emept: 'in * 

■ /seefR^^ Qpportunity--opertin^'^yjP 'b*ecause^of ■ scientif^ break-' 

;-^/ 'throug^gr i^^^ or another, or market idevelopitients ./ In summary i; * v^. . • 

' ,^ projecti-on. q£. energy RD^D^-^c tXvity' or 'ftianpower/ refluiTrement^ (otHer ' than -that 

■■ --^ ^^'-^ V^-j- * ^- ■ ■ .• 

^ :jDrograffiitied "by',l)jig),^can.be,^onfe roughly, and with som^What- less' rel^rabilxty 

than the pro j^fectidn o,f tcPtal RJ)&D, activity. DGE ,has a spec i^X interest i '.J 

P'^P,^ecting>this^ because ^tt ■ is, .responsib,^^ f or/vstimula-ting enexgy/.ir-es^^rc^ -' . 

•vf ^ ."^v J^-.n!^'SS" "t^ ee^ohd^ grbup, ;sGientif i'c^ tec;hnfcal .personiT^r iri->.' 

eTiergyTT.rela.^ed industries. but nqt-ertbaged, in RIJ&D,' ahd the « third-^group-,^ /: --V . . 

^cientr^f ifc fend teehniQal ;pe^s'6nnel iri'-'ail'' other indu3trie^,,.^the recommended , .i. 

m^ethordg^' f or majcirig pro j'eGtibns of. r^quireinents are id $n t^o^ly^^l^ been *lv 

' ; used. fo,r^a nuiTihar of years by . the -Bureau o,f Labor ta.t isXics^, t,tja^^^^ " T ' 

' .^Growl^h Studies, ref^i^ed .to -abbve-jr'and; t tran^latib.n^into' cWcitpa^ 

' requ^ir^ie:r^s .ini^.ri^lati^ i^'ubiici^ the*;;lSIat:ionai^Sc;4:^^^ ^F6unda^ion 

« ■ ■ Cse'e abpve)-^^^ the^ ^l^^t'lona ^Planni|g^/As'^^d and pth^V org^ariizatiqnsi. - / 

- —^^The most recent project ip,ns^^^^^ artic'' es/ in. the<^ MonthW Labor ' '. ' 

Iteview &or 'Mareli 1976 <pp>;^q^^^^ 3-22) . ^ ^ .criticaj. ' ' 

" \ J.^^^^^KfOf. ."^a>r lifer; ppj 1^76 issue /(pp^ 13-26') .. 

'., . - '^'^-''-^ u^/ '■ ^ \, ' ..J ^ -'^ ^. 

, . '^:f^^^^epa^ ^^Labor Stat is tics j Q^caiipation'aL/RifOj ^ct io^^ 

V y^d^^ Training -P^ta^ V -Blil3.e^ ;1^9i&v: Washin:g^^on^4976^v ; ' ; ^ ^ ^. 
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l':vaj|iii|j^^ these methods have foimd that they have prodiited estimates with 
a Lo\dcjj^rc,e o/ accuracy i^^i earlier* years, buT have improved somewhat' in more 
receift attempt.^ as basic data and techniques have improved. ^'^ Recent research' 
l,ias added ful^tlier to the technical and data resoiirces>^> 

Lt is A)t reconunended thAt' DOE ehgage in the ela^rate' estimating pjfbcess 
required, but rather should keep in touch with ancv/eview the work doneby - 
the BLS and NSF, discuss v^ith them their plans for making projections, and 
assure thpt the planb meet the special needs of DOE. For Example, the 
occupations projected sl^ould include all those of int^rest^o DOE; the -economic 
as.suhiptions for the p%jections shouXd include alternative en^ergy development 
^ scenarios that are 3ignificant in DOE planning; and the future yea^s for, 

which projections are made should be the same as *those needed by DOE in it^ 
' own planning. The BLS aqd USF should be peVsuaded to take DOE needs. into 

account in making the^^r proj ections . ' -The pro j ec tions^ so made need not dis~- 
■^inguishr between non-RD&D- employment of sci^ntifi'c ' and^ skilled workers, employ- 
ment in DOE-supported RD&D, and in self/financV RD&D . ' It would, however, ' 
pVovid^ a general background projection that would show trhe. demands from other 
sectors, of the economy for workers with the skills needed for energy RD&D. 

The characteristics of this projection method will be^summard^ed briefly' 
here to show some of its features. The general^^a£ej;p^^j^ to^^ estimate total 
manpower requirements in' the target year in each sect^l^y estimating the 
production or activity required to meet the expec texiv^r-ket demand, and then, 
from information on the occupational composition of that sector estimate the 
requiremehts for each occupation. Market demand for the output of each sector 
i^ estimated from the demand Tor final products generated by the total income 
of the maj^or purchasers: consumers, government and capital investment of - 
business . . " • 

. : ' . • / • 



^National Science FtDundation , Proceedings of the Seminar on Scientific and 
Technical Manpower Projections, April 16-18^^^1974 i Washington. 1976. 

**Hugh Folk, et al,^ Scientific and Technical Personnel in Energy-Related 
Activities: Current Situation andj^uture Re quirements .''x^ Center for Advanced 
Computation, University ^of IlMnois, Champai^n-Urbana , 111. July 1, 1977. 

-< 
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A potential -gross national prodqCt^ projected on the basis of labor 

• ; ■ ... 

fo^ce growth and^ prpje^yted changes in outputi per worker hour and average 
arttiual hau'^s. This GNP. is divided ainoqg consumers, government and; investors 
by ipplAcation of* an economic model. The patterns of purcJiases by each of 
the thrfiO^major elements are used to estimate how they will divide their 
expenditures among final products or services. The production of raw materials, 
components or services by all supplying industries that is needed to genera te"^ , 
these final products or services is then estimated by applying input/output, 
tables for the United States economy, which show how much each sector buys- 
from and sells to every other sector. .What results is an estimate of the 
production load in^ every sector of the economy in the target year- 

The^^employment required in each industry to produce this amount is then 
estimated by projecting output per worker hour and average annual hours per 
worker. The occupational composition of each industry is used to calculate^ 
tlhe requirements by occupation, and the totals for each occupation are 



aggregated across industries . - 

' i Most of the ratios used- are not the present or most recent ratios, but 
leather ratios^ projected . for the target year; this includes, output per worker 
hour, hours, occupational CQmpbsit;ion, interindustry input/output, coefficients, 
and purchasing patterns of consumers, government and investors. 

Estimates for some economic sectors are exogenous to this system; for' 
example, employment of school and university faculty is'^ estimated on the 
basis of projected 'enrallments which are made from projections of the pop- 
ulation of school age and trendy in school enrollment. ^ 

The disaggregated treatment of the economy in this system makes it. 
^possible to introduce special assumptions, estimates or scenarios of in-terest 
to DOE, to test the effect of various policy alternattyes on the various • 
elements estimated, including production and employmejit by sector, employ- 
ment by occupation, national' income, capital investment, etc. * 

This method gives estimates of total employfnent by'occupation in each 
industry or secto^ of the economy. If DOE has made separate projections 

*of employment -oji DOE contracts in some sectors, these are not additive, 

^ ' ■. . • . . 

sincfe the base year occupatiofial employment data used in the projection 

^ \ 
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system may contain some worker^ employed on DOE contracts, and they would be 
treated as part of the manpower in- the industry^ related to projected pro- 
duction levels. It is essential to identify separately the DOE-suppor ted 
employment on energy RD&D in the base year so that it can be subtracted 
, from the industry's total employment before computation of the non-DOE- 
generated RD&D employinent associated with projected production levels. ' 
The amount of energy RD&D employment not supported by DOE is related to 
the levels ^fjthe industry's sales, and so should be a componient of the 
total scientific and technJ^cal employment projected. If. a septate efeti- 
mate of 'this RD&D employment, is made, it shouTd not be added to the ^jnploy- 
ment requirements' estimated by the economic demand a^prfe^ch since It is 
already comprised in the latter.. The integration of R&D projections with 
general economic projections is a goal that requires careful consi(^eration 
and cooperation among the agencies involved. • . 5^ . , . - 

• Thejj^_^re serious m^^^o^ogical problems associated with these pro~ 
jectijjS^, requiring additional research. One is the "F)fo j e^tion of occupational 
composition of industries, especially with respect to scientific and technical- 
personnel, whose relationship to the production process is not as close as 
that of various production tjorkers. Some of Vthese issues are discussed by ; 
Folk and his associates.^ For example, how similar is the occupational 
composition of the various plants in an industry, and what factors affect 
the differences are they effects of scale, or technological differences^ 
or does management^have considerable flexibility in Aitilization of different 
proportions of the various otzcupations in, response ^to market factors 
(salary levels or availability of the .different 9 ecu pat ions)? The answers 
to these questions affect the projections that will be made. Because of 
their relevance to DOE cono^r.as, the DOE shoul'd encourage or support research 
on these- issues . ^ ^ 



**'olk, et al., op, cit, pp^.C 151-160. 
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2 . Projecting Supply of ^Manpower 

The approach and emphasis in n\easurlng and projecting supply differs 
from those used for manpower requirements. The above discussion of methods 
for projecting manpower requirements began with energy RD&D personnel working 
on DOE~supported. projects, and then'moved on to personnel employed on energy 
RD&D with funds fr^m other sources, and, further, to all other persons in- 
the same occupations who a.'re' en\ployed in other work - either in non-research 
work within energy-related industries or in other industries. ^ In considering 
the 'fe^ply of these workers, however, all members o"^ these occupations in 
the United States will be considered ^together. 

It is necessary ^^SwTecognize that the supply, so conceived, is not homo- 
geneous. There are. differences among members of ai;iy occupation or scientific 
specdalty with^respect to' their ability to engage in various'^ kinds of RD&D in 
he very broad and diversified field of energy.. An electrical engineer ^hose 
experienc^is in the * construe tion and design ^of telephone communications^ 
facilities, or even one engaged in research on photovoltaic electricity 
generation, may not easily adapt -to work on the design -of Tokamak fusion 
reactors. While members of thes6 occupations are not fully interchangeable^ 
it is reasonable to assume that with sufficient opportunities' for special 
training and experience there is considerable flexibility within each pro-/ 



fessional f iq^d, so that all members of^ these occupations may be consideVe 
potential participfints in one phase or/anoXher of energy RD&D. At any rate, 
their -qualifications are in general more relevant than those of workers not 
in these occupations.^ 



In estimating the prospective Silpply, we ^h^Asp start with the present 
supply, deduct prospective losses and add prospective increments. 

a. Present Supj^ly or Labor Force . 

Data on the numbers and characteristics of the present supply' m^ be 
developed as was described at the' beginning of this chapter in discussing 
present employment. In addition, present suppij^includes those noj ±n the 
labor force but unemployed. In .thjB occupations involved in enevg^ RD&D, 
the ujiein^loyment rate is typically very low, as> it is among professional .and^ 



■ 1 or 




• technical workers" generai*l(^. The numbers -^nd characteristics of unemployed ' 

members of these occupations can be obtained 'from the National Sample Survey 

of: Scientific and Technical , PersorrfH^l (NSF 15) and the^ sample surveys o,f the 

NAS/NRC doctorate file (NRC 2). In 'general, supply and 'requirements estimates 

• • . - ■ 

are so japproximate ^n^t the additional preciision achieved by adding the 1 to 
• ■ ^' ■ • * ' 

3 percent who are unemployed is not always worth the effprt. J 

The significant characteristics f or'^analy^is of labor supply are age ' 
and sex (essential in es^timating . losses f^om death and retirement^), educational 
attainment (level and field or fields of education — whiVh ar,e not always 
fully described by field of degree, since many scientists with degrees in one 
field have had substantial training in others), and fields- of work experience 
(industries in whicli employed, areas of research in which work was' conducted) . 
Data are not readily available on all these subjects in the general statistical 
sources , ^ - • ■ ' * . 

. „• ■ / ■ 

b. Prospective Losses « . 

^ The principal kinds. of losses to the supply of workers in an occupation 
are deaths, retirement (or temporary withdrawals from the labor force, which 
have been particularly significant in the^case of women), transfer^ to othd^ 
occupations, and emigration. To estimate the future supply available to ineet .' ^ 
projected requirements, these must be separately estimated for. the period from 
the base year to the target year. ' . ^ 

±, Deaths : The most recent Life Tables for th^^Jnited States published 
by .the National Center for HealtlT Statisti^si^Public Health Service, Depart- 
ment of HEW should be used, ^together with" *the most recent available data on 
the composition of each occupation,, b'y aLge and sex. 

The most recent Life fabijes ^s of 'this date are for 1975, and will shortly 
be published in Vital Statistics'^of the United States; 1975 , Vol. 11, l^jlortality. 
Part A. - 

The age and s^x composition of member^ of feach occupation are available 
in the sources used to get information on the present labor force — the 
Census of Population, the National -SaWipi^e surveys of scientific a^id^. technical 
personnel (NSF 15), and^ the sample surVg^ of Ph.D.'s by NAS/NRC (,NRC 2).C 



\ 



The fact that ttie National Sample surveys do not include graduates since the 

* 

census was taken do not invalidate their *use to estimate death-s, since the 
^number of persons' dying within ten years after graduation is negMgible. 
However, there may be a significant .^^umber of. deaths amcyig persons who had 
entered- the oceupation from other ocdu^pations since the last population 
census, or from among immigrants who entered the occupation. Therefore, * 
to the deaths estimated fo^ the occupation at ^es should be added an al^ 
loWftnce for deaths among these entrants. This will be discussed below under 
occupational transfers; 

, The computatio^n of deaths in*an occupation,- over a period of years in 
the future should not be made from one-yjear death ratesfox an age' group. 
Since death rates rise by age, the death rate for a population cohort will 
be higher at the end of, say, a 10-year projection period than in the first 
year. The death rates taken from the Life Table should be rates for the 
entire period of the projection. These car^ be calculated ffir each age group 
.by subtracting from 'the number of persons in that age group ih^ the L column 
of the life table the number of persons in age groups T years older (Y being 
the nymber of years from the base year of the projection to the target year), 
and dividing the remainder by the number in" the L column^ for the age group 

X 

in the base year; this gives death rates for the. age ^group in a period of Y 
yeats. 

li. Retirements : Data from the 1970 census tabulations of 1965-197,0 
changes in status (BL&-.4^are the best information pn differential occupational 
retirement patterns ci;rrently available. ^Since the retrospec tive data for 
1965 status was found, to^ be subject to error especially for persons with a ^ 
weak attachment to the labor forc%v such as youths, women and older persons, 
they WBre adjusted to make the age /and sex composition in each, occupation 
for 1965 follow the pattern in 1970. This is a reasonable adjustment for all 
occupations except 'those fast-growing occupations with many young entrants, 
kor siow-g'rowing occupations with few new entrants, or occupations in which 
women have,gained a significant proportion of jobs in the 5-year period. 
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^ The 5T,year separation rates for men in the scientific £fnd technical 
fields range from about 4 to about 6 percent, and for women from about 20 
to abo^ut 25 percent.''^ 

F<^r the scientific and technical occup^ations not shown in the tabulations, 
either because^hey werfe not separately^identified in the census 'or because 
^the sample was too small to yield estimates with a sampling error of less 
than 10 percent, it is recommended that the Reparation rates for the moyt 
similar occupations that' are shown in the Cables should be used: for 
engineers of various categories, the rates for all engineers; for women^ ^ 
scientists the rates for all women professional, technical and kindred 
workers; etc. • . ' 

iii- transfers to- other occupations : As^'nbted in chapter IV, data 
on inter-occupation ftiobility show that the such changes are extensive and / 
^ therefore should be taken into account in assessing the prospective supply 
of worker's in any occupation; but it wa^ also noted that there wei^e sig- 
•nif leant reporting errors in the principal source of general information 
on inter-occupational shifts. It will be a long time before rec6mmehdatibns 
il[iade .in ^hapter.^IV for improvement in the data can be effectuated*. 

In making projections of supply, therefore, it is recommended th^t the 
net of transfers in and transfers out o'J each occupation, as shown in thd 
1965-1970 change tabulations from the 1970 Census (BLS 4) be used, v;ith 
caution. 



M-v. Emigration : There are few data on this subject (pending achieve- 
ment of the prqgram recommend e^. in Chapter IV), and therefore almost no 
quantitfative account 'can now be taken of this component in labor supply, 
changes. A certain njamfcer of immigrants leave after working these 
occupations for a period of clears, some to return to their home^'^countrie's , 
others to go to third countries. INS data colLerrted-'up ^ to 1957/. and limited 
studies made j&ince, confirm this. In addition/ some native-born scientists , 
and/ engineerfe have emigrated. Perhaps failure to take accpunt of Emigration' 

•. ' - / ■ ■ ■ ' - ■ ■ ■ ' 

.*Dixie: Sommers and Alan Eck, "Occupational Mobility in the American Labor 
Fo^e," Monthly Lpbor Review ^ January 1977, p. 9.-. ' ^ 
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in these occupations dffsets errors in underestimating . immigration, thc^gh 
the la^tter is less , likely in, scientific and technical occupations • '/ 

cs. Prospective Increm^ents ^ . " " .» 

The principal sources of pm'spective increments to the supply in an 
^iccupation are entrants completing their training in'^ojiools, colleges, 
apprentiteship programs, etc., transfers from other occupations, immigration, 
and the return to active work in the occupation of experienced workers who 
had withdrawn temporarily, principally women who had dropped out for family 
reasons. . ^ ' 

. ' ^ ■ ' " ' \ " ' ' . 

^•i. Entrants from educational or training programs : The statistics on 

the numbers completing training earned degre^- gfanted by institutions 

of higher education (NCES 1), associate degrees an^ other formal a>^7ards below 

the baccalaureate (mainly, in community college ^and technical institute 2- 

year program?) *(NCES 3), completions of apprentice^ips in registered pro-:; ' 

grams (ETA 4) and others — give the inf ormation^=asr the number of persons 

who have already completed various courses of training. If thd base ye;*^ 

for p^^ecl^ions is several years ago, these statistics helj) to fill in/the^ 

picture^f the isupply of newly-traine'd persons for pa^rt of the ' perted 

between the base year and tt^e target year-. 

The number trainees already in the pipelines determine the o.uti^ut of 
these programs several years ahead. Information on the numtiers of under- 
graduate students in their junior^and senior years (NCES 4), o^^ graduate 
students, by major field of study *<NCES 2) -and on apprenticeship^\enrollments 
(EUA 4) can be used, together with data on the ratibs of enralimen 
deg^efes granted in subsequent years (or. of registered apprentices' 
pletions) that may be de^loped by examinatiori of past jrelationshi 
statistics, to estimate the number of completions or degrees that 
granted in. the next few years. 

Beyond those few years, the projection of the number who will 
training is more problematical, for it is dependent in part on the 
made by students — first ,^hetlief to enroll in apprenticeship, in 
college programs, in|4~year colleg.es', in professional schoo]^^(eng 
law, medicine, etc.) or in graduate studies, and, second, as to what specialties 
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th^ will select. These decisions are affected by ^any factors including .the 
values and lLfe/-styles students aspire to^, 'and a]^«,o their information as to 
employmeilt and earnings opportutiitrf^e? rln the va^^Dus occupations. * ^ 

At times, when -jobs are hard to get, an ' incr^ea^&ed numt)er of doctoral 
graduates accept pos'tdoctoral research grants in universities, partly for 
furtfher training or research opportunity^ , lJut also partly as a holding pattern 
until-Chey can land in a job. This has to ^ Ntaken into acpount in appraising 
the supply. 

As noted above, Chapter IV, the NCES makes projections of college degrees 
_v' ■ ' . * 

by afield pn"the basis of expected change in population of collego, age and of 

■'/■•'* /» ^ . ^ 

ri^cent trends in enrollment , in the various courg(?s»of stud^" It is recommended 

that if^ these are used by DOE, they should be consider(^d, not as actual pre- 

dlc-fXons of what will really happen* but as f irst ^appro^^cimations — illustrating^ 

^the 'balance of supply and requirements that would occur if students had no 
information that migl|t lead t'^em to change fiej.ds of study from their recent A 
patterns of selection; DOE wp.ll want to assume ^that information will be. made 

yivailabl^ to students arid that changes in these patterns, of choice 'of field 
may result. ' . • 

/ ■ The National Science Foundation has i deveiop^d"" methods of projecting the 
: , . \ O i • ■ ' 

numbers of college entrants^ baccalaureate degrees, enrollments for advanced 

degrees in Science arid'* engi\neering , and* doc torates j;n' these fields'^oi:! the 

basis of not only the past trends, but also with an adjustment to, give- more 

weight to recent dtends that r^^ect market and life-style facto^V. It is 

suggested by NgF that the two separate estimates presen^a range within which 

^the actual figures may eventually fall.'^ 

For apprenticeships and community college or technical institute 2-year 

programs it is recommended that no attempt'be made to make projections, in 

vi^w of the\?^imited basis for analysis of t^emi^in these types of training, 

but. that the^ recent, data on completions^ be i^ed as a first approximation bf >^ 

prospective completions — i.e., makin||^C?^e initial assumption that present 

training patterns -will continuJ^ ^ / 

'■^^Natlona^ Science Foundation, Projections of Degrees and Enrollment in: Science 
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:'nd Engineering Fields tol985 .^(NSF 76-301), Washington, 1976. 

.0 



il. Transfers from/ otKer occupations, ; The recommendation undetv. the 
discuSsi^n of losses^as la result of transfers ,to oilier occupations- was that 
net transfers showp' by -the 1965-1970 chaoger tabulations of th(k/i970 census 
(BLS,.4).be used. as ^a baJfeis ^f or that • esbiinate / This therefore covers the v 
transfers into the occupation as jwell. ' • y ^ ' ' s ^ 

. " iii. Immigration: weaknesses of data* on immigration by. occupation 

) were noted in Chapter IV. All that can be recommended at this point is that 
^ in making projections 'allowance be made for immigration wsing the most recent 
' data: from ^the 'Imflnigrati/)n and Naturalization Service, C^ith suitable caution. 

IV turn^to the^ ]^abor.':force of experienced workers : The bulk of thos 

• who withdraw from and subsequently 'retArn to the work force ^are women who 
drop out for family reason's. While in general there have been relatively 
few women in the scientif ic/-^d technical and craft' occupations involved in 



energy RD&D, there-^are substantial numbers in a few o^ the occupations, and 

generalized efforts to increase the^r nymbers in all of them. In th^^^^sence 

of' better data,\,the net ti?ansfers betweeli employment in each occupation and 

non-labor force status, as shown, by the 196^-1970 status, tabulations f:pom 

the 1970 ^census (BLS 4) may"ND^ used, with caution. In mo^'t cases the data ^ 

for vromen had sampling errors so large that they were not published by BLS; 

in such cas.es the generarl net change rates for the scientific and technical 

- ' ■ . • ^ , > •. 

occupations should be used, applied to the women the specific occupation. 

• ^ ^ ■ . ■ ' ; ^ \ K ' ' 

■ 3. Assessment of tlie Requirements/Supply Bal^ifnce an^ Its /Implications 

• * ■ ■ . J' ' 

, The methods for projection of requirements and supply outlined ajjo^ve 

httve treated them ^ndependently of each other, without allowance for the 

interactMon that in reali^ty occurs between demand and supply. - Thq,- require-* 

ments and supply projected have been predicated on the continuation of recent 

V ■ ■ ' • * ° ' ■ , 

^. past pat'terns or trends^^n patterns of economic and technological relation- 

; ships, with price, wage and market factors held constant or changing as in 

^Ttte recent past.- Both requirements, and supply will, in fact, ^ be affected 

,s^y 'ea^h^Kther . ^ ^ ' (ti ' 

^ the principal element of reqiiirements that is responsive to'^Supply and 

market consideration is the way in whicji employers utilize members of the _^ 

various occupations to get their^)work done. If ^upply is short and wages in 

^ V V - 26 



a particular, o^^cuija t ion iincr ease more than in others^ or qualified workers. ; 
* become hard *to hire; employers' will seek to .substitute less-qualified workers," • 
or workers/f rom other ^occupations, or wilJT seek to change -the production 
process to utili?:e fewei; o^f- the scarce or expensive workers. These 'adjustments 
are, however, difficulty £o make, esfpecia^lly in research and development pro-^ • ; 
grams, which "typically ^^qtiire specia)lists of the highest abilities, with < /. 
limited possibility of substituting other workers. Moreover!* in^;the case ' .j 
of ' fesedirch' subsidized by government Qontract , moderate increase's in salaries- - 
for some scientif ic -and technical workers^^re notj^'an^r^^ 

pursuit of the project. ^ ^ relative shortage of ^^upply is. therefore liki^y^to 
have a minimum' impact on demand unless the "shortage is extreme. : . y .. • 

In an ^versupp^y situation, employers tend to ralS'e: hiring<^&^^ 

^ to employ highly qualified workers for less demanding} job^, and entrance 
salary levels^ tend tp fall^ or,, in an inflationary period,; to remain stablfe 
while aTl other salaries are rising. v ' ' : : / / 

Adjustments are much more feasible in the. ^upply/ than in ' requireftients . 
In the short run, employers ^can -sometime^ finld jjualified workers who are^f 
employejj in non-reseerch*' W>rk, or who are working in cfthe\ oc but' 
have had some training th/t at' least par^^^^^ for t'he jol 

at hand. Short-term^ traihiH^ ox special courses help* to qualify partially 
qualifieyd worker^. In'the longer run, students respond to signals from, the- : 

^abor market by switching c^^iurses, enteripg graduate study in , fields with 
good employment o^ppottuni ties, etc. ^ucational institutions are sometimes^/ 
responsive - — off^eritig special coursfes in-shortage fierds or expanding. 

- .- tip . '^/v 4^ . ■ , • » / , - - .'•..» 

jenrollments or facilities. For the^e reasons the projection of ejirollments 
alad'v.completions of training programs, jn^d^ proVisional-ly on the basis of. pas 
Interns of student choice, are sub j eel: to revision as information on emplO^- 




;essihg the prospective requiremeatfs "and supply" of skilled 
worTcers for its enefgy RD&D^programs, ^hould therefore take pains to. inform 
students and educational institution^of its findings, through channels 
available to.it, inpjAiding direct contacts with* institution^,' governincnt"** . ^ 
agencies providing information on employment opportunitjies to students and 
schcK^ls,. Xsuch as^ the Bureau rof Labor Statistics, National Science Foundation, 



Of f ice- of . Education, and State employmfiint security agencies affiliated with 
the Employment and Training Adi]^inistratibn of the Labqx Department)', and 
private Agencies su*Dh as the Scientific Manpower Commission* and the Erigi- 
' neering Manpower Commission/ ■ • , \ ^ 

The DOE may find implica^^ions. for i-ts own policies in the prospective ' . 
supply/demanJI situation*: Programs to . encourage students .to , -en ter fields of 

' ) { ■ : ' . ■■- , • ' : ^ . ' 

special concern to DOE through: student aid may be^^ enhanced or reduced on 

the basis 'o^f such information,,; or support of gtadi^ate stude;pts^ tifrough 

research grants could be a^ected . .. Slmilarlys 'effortj^ ^tp" strengthen certain 

j J «^ V , , . ^ ' ^ ' 

university depattitfehts through, research grants might be affected by judgments. 

as to the adequacy of the presen^^ of output of gi;adua^es as well as the 

quatlity of tHe education' given. Contract awa'rd policiles may need ta antici- 

pate changes, in salary le^;tels ffer /sc4.enti'fic and ' technical personnel in re-'^ 

spo^e. to pr^ospective c^ . 
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, . CHAPTF.R V-I • , 

, THE CURRENT MANPOWER- SITUATION 

A. INTRODUCTION ' , • w . . 

On the .basis of information now available from the principal sources 
. described" above, a preliminary assessment of the balance of supply and demand 
for energy-related manpower is attempted in this chapter. Obviously, ttiis 
assessment cannot be as definitive as one using the manpower information 
system recommended elsewhere in this report. , It will however , illustrate con- 
cretely the potential uses to be made of the data and some of the problems in 
their interpretation, and may be helpful jto the Department of Energy. 

• The [;eneral economic background will first be diseased, and then the 
labor marke'c situa tion - f or scientific and technical personnel ' and the energy 
industries, as they may impinge on manpower for energy RD&D programs. A final 
section will discuss f.uture requirements for , scientists and engineers in energy, 
R&D. ■ ^ . . ^ 

B. ECONOMIC BACKGROUND ^ • ' 
1. . The Overall Economy . 

After a rapid -upturn from" the- 1975. recession, economic growth has slowed 
in 1911 y and no acceleration is anticipated for the coming year. 

The Gross National Product, which had risen in real terms at a 4.6 percent 
rate-^from the third quarter of 1976 to the third quarter of 1977^ was growing 
moire slowly at the end of this period. '''J A slower rate of growth than ^that of 
this year is generally anticipated for 1978. Total employment rose by 4 mill- 
ion (4.4 percent) in the year ending November 1977, mora-'^than double the annual 
rate of the past decade. Unemployment, which 'fell from 7.6 percent in October 
1976 to 7 percent in April 1977, remained at aBout that level for the following 
Beven montKn, despite a growth of 2.2 million in employment as more people • 

^U.S. Congress, Joint Econom-ic Committee, Economic Indicators , Washington, 
October 19.77. ' ~" ' 



^ ' . / ' " ^ • • ■' , • 

entere'd th-e labor force'^; efforts to alleviate unemployment made no "dent in 
the tobal.. - <r , 

2 • Employment "and Unemployment o£ Highly Trained Manpower / - . 

Unemployment of pro^essio\al and technical workers has remained at about 

3 percent since April, typically lower than for all workers, after declining 
from 3.3 percent in the fourth quarter of 1976, Unemployment for these 
workers is nevertheless significantly higher than. during the, post-World War 

II period as a whole. ,^ * ^' . ^ 

Employment of engineers increased in 1911 ^ but -there was no significaVit 
cl^ange'ift employment of sc ientists- or ,of engineering and science technicians.'^'^ 

Unemployment of engineers in \911 ^ averaging under 1-1/2 percent through 
the third quarter, has been about one-half, or less^ that of professional 
workers among whom engineers are included, Th^ decline in engineering un- 
emplo3mieHt from the recessionary high levels of 1975 and 1976 has been con- 
siderably greater than that of the overall professional group,, a large pro- 
portion of which is teachers who have experienced serious employment problems 
recently. Even as I9W as unemp-loyment among engineers has been this year, 
however, their rates are still above those during the second half of the 1960's,' 
which were typically below one percent. . . 

Information from a separate source tends to confirm the reduction in 
unemployment for scientific and technical personnel: chemists ai?d chemical 
engineers' unemployment ' declined from l. 9 ' percent in March 1976-to 1.5 percent 
in March 1977.^*''^ * ' ' ' V ^ 

Recent improvement in unemployment among craftsmen has^ al$o been greater 
than among professional workers as a whole. Unemployment of craftsmen f.,p,H 
from 7 percent in • the fourth quarter'of 1976 to about 5 percent/ in the most 
recent six months, but this is also higher than the postwar average. 

^ Employment and Earnings , November 1977, supplemented by data for'November 
issued on December 2, 

**Bureau of Labor Statistics, unpublished data. 

*^*American Chemical Society, Report on Chemists' Salaries and Employi^ient Status , 
1977, Washington, 1977. 
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A sum, even with substantial reductions in the unemployment of professional 
as a whole (and even greater improvement among engineers and craftsmen), and with 
large employment increases among all^f these groups this year, the unemployment 
rates . for these groups <^o not suggest the tight labor?, market conditions of 
several prior y^ts. - . , ■ . 

3* Energy Indust;ry Employment "> ' "^'l 

Total employment in the energy industries ha5 grox,m- faster than all non- 
agricultural * payroll employment in the ygfr ending in September 1977. Tl^e 
energy^ sectpr 's workers Tncfeased 'By '5:^ 

£or all workers on nonfarm payrolls .k Th^^^ktest increase was in oil and 

gas extraction (13.2 percent), but co'al mining employment also rose faster 

than the total (5.9 percent). Petroleum refining and electric ancf eas utilities 

grew less than the total; • . . 

^ - Federal Expenditures on Energy RD&D ' , 

Federal energy RD&D expenditures, a major* generator of energy RD&D employ- 
ment, will be gO;ing up more slowly in tU^ 1978. fiscal year than in fiscal. 1977 . 
An increase of /5/ pe recent' is anticipated for the present yeajf, compared to the 
66. percent increase in the past year.^ Amon§ th^ fastesv*growing' programs cms * 
year .are tKose on end-use conservation and technologies to improye efficiency 
ruel cycle R&D, geothermal energy development, petroleum and natural' gas, and 
electric energy systems and energy storage. (These categories are from the NSF . 
report. ) . c . 

Energy R&D expenditures are rising twice as rapidly as the total Federal 
R&D. budget, which is going up by 7.5 percent this year. (Only the relatively 
small item of "international cooperation and devel^opment" is increasing more 
rapidly 'than . energy R&D.) All major\f3rograms in the natural sciences are' ex- 
panding in terms of dollars this year, but since R&D costs (including salaries 
of^ciehtific and technical personnel) are rising, the actual increase in em- 
•ployn,ent,will be smaller. The 15 percent -increase in energy R&D will result in . 
an employment increase for these programs of. perhaps half that amount. 

Z^'^^oTi.^^^^^^^^^ P^f^nse and Enerev Spur Federal R&D Growth frn.. 

F Y 1974-FY 19/8, Science Resources Studies Highlights, (^SF 77-320), September 
30, 1977. (The figures above differ slightly from those shown in the NSF-report, 
the main difference being 'the inclusion of energy-related environmental research 
included by NSF under "environment.") - 



In ^recent years work in energy and fuel has attracted a greater share of 
the engineers and sci^tists. This can be seen .in the 1974 and 1976 employ- 
mei^t of those ^identified in the ,1970 Census of Population as members of these 
professions- (NSF 15^ . The share of all scientists and engineers in energy 
and fuel "increased fro^ 10.4 percent in 1974 to 11.8 per^cent in 1976, and an 
increase Occurred in each individual field. (Since these\data do not-^'include 
the new graduates ^nd other entrants since 1970 they are lii^ly to understate . 
the proportions flocking to expanding fields of work,) About half the earth 
scientists, but only about one in seven of the engineers and physicists and one 
in twelve of the chcmj^sts were .in energy and fuel work. 



C. THE CURRENT LABOR MARKET SITUATION FOR SCIENTIFIjC AND TECHNICAL PERSONNEL 

T)ie . increased' hiring 'activity associated with rising employment of engineers 
has been reflected in an increase in the Deiitsch, Shea and Evans Engineering and 
Scien^^e Demand Index (DES 1), which was sharply up in the . f irst eight m9nths of 
1977 — higher than any year since 1966, . ■ : 

The demand for scientific and ' technical personnel, as reflected in relativ.e 
salary rates*, has' been generally similar to * that for other ' prof essional , admin- 
istrative and technic^al workers , surveyed by rBLS in the PATC survey in the last 
few years. Earnings of y^gin^ering technic ians and chemist^haye increased 
slightly more than those for all workers -in the groupj while those of engineers 
have risen slightly less -(BLS 1).. lAmong these occupations only the earnings of 
engineering technicians have kept pace with the average, wage rate^ for all 

production and non-supervisory workers on nonfarm payrolls (as,' shown by an index 

! ■ ' ' . ' 

that eliminates the effects of shifting employment weights among industries and 

the effects' of overtime premium pay in manufacturing) (BLS 5 J . All of these 

increases * have barely kept ahead* of* the Consumers' Price Index. 

Current indicators of the supply/demand situation for scientific and 

technical occupations , show that the active recruitment that .took 'place with 

the 1977 graduates is expected to continue with respect to t;he Class of 

1978. The College Placement Council's survey of employers' hiring plans 

(CPC 2), released December 12, 1977, showed an increase i^ hires. Reports 

from other agencies following the rec^*uitment scene (as summarized in 

Scientific Engineering TechniCc^l Manpowe r Commen ts , Novembe r 197 7) agree 

that the labor market is particularly active for the. technically trained,. 

especially engirteers, scientists, and computer persqnnel. This active 

market f>olIows a. period of relative quietr-.in the early I970's. 
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^On the other hand,. R&D, on which approxiltlately a third of the scientists 
and engineers are employed y. is expected" to show only token real growth inso- 
far as^Federal Government funding is concerned for 1978,\ according to NSF 
(as .noted above). There will be', of course, program adjustments with energy 
R&D showing some increase. For most technical fields, the universities will * 
be graduating about as many new degree holde-rg as in the recent past.\ 

There^do not appear to be many serious shortages in the supply of STP for 
energy RD&D at this time. A review of the^ Available indicators, supplemented 

w ■ ■ • f ' ' I ■ 

by interviews with R&D program managers, shows -only a few occupations for 
.'which 'this generalization appears less true Paren the ticaliy, the supply cf 
STP for energy^D&D is in general th^ same supply" as for all R&D, or for all 

activities in the .given occupations. • , 

■ .A '■ / . . ■ ^ ^ . ' . 

Coal mining lengj^l^erg . . A recent ERDA report , ^ Manpower for Co^l Mining /' . 
^points out the current short supply' of. cqal-mining and coal-preparation engi- 
neer? at both the bache.lor ai^d graduate degree levels. These findings appear 
.to be confirmed by interviews w^h fossil fuel officials and representatives 
of major energy production industries in a survey made by NSF in March 1911 .-^ 
e current shortage is likely to be temporary, however, since undergraduate 
enrollmeijrrs in mining engineering are sharply increasing and in-house xetr^in- 
ing of availablejehgineers trained as civil, chemical, electrical and other 
serves to alleviate the ^ shortage . ' . 

Petroleum' Engineers .' The NST survey of^March 1977 found this occupation 
in tight supply at all degree levels. The Engineering Manpower Commission. 
. reports median salari^es to be the highest for any engineering field at $25,250 
per annum in 1976. New bachelor level graduates averag^ed $18,000 in I9'77, 
the highest among all engineers, and 8 percent more than in 19 76-^^.ccording to 
the College Placement Council, which se^ms to confirm a tight supply situation. 

*TID-276^9, September 1977. ' - . 

» • * . 

**National Science Foundatio.n, Current and -Future Utilization 'of Scientific and 

Technical Personnel in Energy-Related Activities . NSF 77-315, Washington, 

June 1977. ^ 
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Chemical engineers , this occupation was" *al§b found in tight supply in, the 
NSF survey. QonHrming evidence as to ■ short/ge was reported by the College 
Placement Council for 1977 tecruitm^t, an the .A^ierican Chemical Society found 
average- starting salaries for inexp^riend^d bachelor de^gr.ee holders up 9 per- 
cent in 1977. Chepiical and Engineering/yNews reported employment increasing 
Sc^er 1976 with a further increa/e forecast by chemical emplo>^rs of 3 pe.rcent by 
mid 19 78. 'ACS members (induing ch^ists as well as cijemicaK^gin^rs) .re- 
ported an unemployment rate only /l . 5 percent in March 1977 , down from 1.9 per-^ 
cent a year earlier. An independent study^ of chemical engineers anticipates'. 



an increasing demand for phemiQal/^engin^ers with emphasis shifting from the 
petroleum- related to oth'^lrr ^ind-^^^rial;: s,^ Average net additional irequire- 

ments of 2,000 per, y^a^ over ythe'»next , 10 ^ears , a substantially higher . rate than 
projected by'BLS, coir^paTes yith current bachelor graduating classes of about 
3,000. When allowajtice/is ifiade for deaths and retirements, the. number of gradu- 
ates aV this leve]^^-^' implied a continuing tight supply. However, the American \ 
Institute of Chemical Erigineers reports first year enrollments for 1976 up 16 > 1 
percent (see Cl^em^cal /Engineering Progregs" ^f or March 1977). Employment of new^ 
graduates is /xpecteytl to cprttinue 'rising into 1978. ( C&EN survey of chemical 
employers) . / / ; ... 



Chemists . P/incipal en 
ported in organic, physical 



gy RD&D requirements in this occupation are re- 
and anafltytical chemistry. The ACS reports marked 




■ improvefment in demand for chemists over the past year. ( Chemical and Engineering 
News /for October 24,. 1977.) The' unemployment rate for ACS members (including^ 
cheiftical engineers) was reported to be lower in the Spring of 1977 than a ye at 
e^lier, as jiot^d .alDOve- Chemical industry employers are increasing their em- 

oyment of .chemists with fur ther increases expected in 1978. Industry R&D^ 
employment is up and expenditures are expected to increase by a further 9 per- ' 
cent in 1978. Median annual starting salary .rates for inexperienced chemists 
confirm an active demand^ increasing 11 percent In 1977 over 1976. Starting' 
salaries for doctoral degree holders (up 7 percent) reflect a weaker market, 
probably, influerfced by the la'rge number of chemists' engaged in post doctoral 
programs, although fewer new doctorates reported sucl^ positions in 1977. 



*James Cummings-Saxton : "Market Demands and Educational Supply of Chemical 
^Engin^ers,' 197^2000", reported in Manpower Comments. , November^.- 1977, p. 3. 
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I Environmentallsci^ntists , The multi-disciplinary field of environmental 
n^search and ^study shows- promisg of developing into a/category of science 



and technology liKely i^c^^^ce an active labor-market oyer, the near term 'j- 

future. The energy program emphasis on development of fossil 'and. nuclear •' 

fuel sources, will require professionals with training irl. atmospheric, terres- * V 

trial, hy^drological and biologicalj fields for appraisal of effect arfd preven- V' 

tion of adverse, impact upon the ecology. Specialties such as atmospheric '\ 

chemistry and physics, soil and agricultural chemistry, hydrology, ecology 

and others are included in the active demand for environmentalists . This 



field will become more active as research emphasis shif ts to . development and 
demons tjrat ion. ^ ^Doctorate production in ecology shows promise at least of 
sharp expansion for the biological side, with the'American ^uncil on Educa- 
tionvreportiij^^n'^appr^ doubling of such degrees expected • between 1976 

and 1980. The physical science and engineering areas and the bachelor level 
may not expand as flexibly. - ' 

Other scientific and technical occupations . Numerous other occupational 
specialties have come to our attention and have J^een reviewed, insofar as ' 
available information permitted, from the standpoint of possible limiting 
effect upon energy RD&D. These include some small numbers of highly special- 
ized skills 'Such as electro-chemistry^^d plasma physics which may. present 
problems*^ on specific programs. Other occupations considered ^ were not believed 
to present serious problems at this time, including such engineering fields as 
civil, electrical, mechanical, industrial, systems, materials, and nuclear, 
and science fields of metallurgy, physics, ge.ology, matl\ematics , and economics. 

D. /FUTURE REQUIREMENTS FOR SCIENTISTS AND ENGINEERS IN ENERGY RD&D ACTIVITIES- 

It is estimated that as of 1975, about 15 percent of the scientists and 
engineers employed by private industrial- concerns jrere ensued, in energy-related 
activities. . About one-fifth of this group • — ^or about 3|p^rcent of all indus- . 
trial scientists and engineers --^e re ^involved in ener^ RD&D. Energy R^D&D 
scientists and engineers were about 7 percent of all of those in research and. 
development work. 

- - \ ■ ■ 

* National Science Foundation, op cit. - ■ ; 



■211 

VI -.7 



Few analysts have attempted to project future reijuirements for personnel 
'n' energy RD&D activities. Not only i's it difficult to project total require- 
ments for ^ergy scientists and ''engineers , because of" the lack of a ar-cut 
plan for energy development,-; conversion, and ^conservation , but the needs for 
energy research, development' and^ demonstration are even ^lone urfcer tain at this 
tiihe.*- This 'should not be surprisi^ing since R&D activitiesM^ , general are by 
their -very naflire difficult to predict. "Furthermore, specific plans for the 
level and type of energy RD&D programs for some future time (e.g., 1985) await 
scientific and technical progress to that point, *based on economic and politi- 
cal decisions made in the next few years. . - ^ 

The most recent and comprehensive attempt to project scientific and engi- 
neering employment in energy-related "activities was undertaken by the Cent^^' 
for Advanced Computation (CAC) , under contract to the" National Science Founda- 
tion. This effort was^based on earlier work done on manpower and energy 
models by the Center. Selected results of the Center^s study and a" 1975 sur- 
vey of employment of scientific and technical personnel in industry were re- 
leased by NSF. Analysts at the ^Center incorporated the latest available 
energy scenarios available from ERDA, which were included in the 1975 National 
Plan for Energy 'Research , Development , and Demonstration (developed prior to .» 
the establishment of the^DOE) . 

The three energy scenarios examined are called Free Imports, Limited Imports, 
and Limited Imports Synthetics which imply different final demand, prices, and 
technology patterns. The scenarios were analyzed against a backdrop of infor- 
.mation on overall national patterns of goods and services production and employ- 
/ ment prepared by the Bu^au of Labor Statistics. The input-oi^tput matrix .used 
consists of non-energy coefficients projected by BLS and energy industry co- 
efficients developed by CAC. 

The findings of the CAC study show that the range- of requirt^^nen ts for all 
scientists and engineers and those in energy activities under the three scenarios 

,very small.- .Using a t^base of 1,200,000 scientists and engineers employed by 
industry in 1974, the projected requirements fbr this sector for the Free IiripQjts 

*Hugh Folk, et al, op. cit. 

I' ■ ' • •• : 

**NSF, op. cit. ^ ' 
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and Limited IiT^orts -scenarios were estimated at 1 ,650,000 — a growe?r~bf 37.5 
^ percent,, or an averaga of 3 percent^ annUally ^ Furthermore , it was estimated 
that about ^ the same propor|r£on of all scientist.s and engineers would be involved 
in energy plr'ograms ujider the three scenarios — percent. No separate estimates 
of • manpower engaged in research ^nd developrflent *were macte. ' , 

There'' are several reasons why these- decidedly different scenarios produced 
essentially th^^ same overall resul'ts.. ScenaVibs based on development of new 
'domestic capabilities also assume, a reduction in imports, resulting in a l.ower 
• use of energy. This lower level reduces not only th^e total demand for industrial 

.. ■ ■ d 

scientists and erigineefs, but also tho^se in energy. Additional 'manpower ' require-^ 

^ ' \ . » ' • , 

ments for the construe fion and operation of nuclear power plants to expand coal 

and synthetics use and to do research on new technologies essentially offset 
reductions from\^ declines in non-nuclear electric power production, -in petroleum 
■extraction and refining,, and natural gas production, and other decreases result-, 
ing from reduced energy use. v ' ^ ^ 

Thus, under any of the three scenarios, these projections indicate. a likeli- . 
hood of an annual A^hree-percent growth rate in employment of scientists and 
engineers for all needs in the economy; and the ' proportion of these personnel 
"involved in energy production does not change significantly.- Behind this overall 
growth- rate are widely varying rates for individual occupations, energy activities 
and industries. Substantially faster growth than the average will occur in, some 

fields, possibly presenting serious manpower problems. For example, requirements 

\ 

■fox civil and petroleum engineers, mathematicians, computer specialists aiid 

draftsmen are estimated to rise up to 50 percent faster than the average. While 

' ■ \ ' ' ' 

^» these analy-ses do not take into account the future supply of personnel to meet, 
^requirements in energy and the total econonvy,* the rapid, growth in requirements 
in some specialized fields may present the nation with serious shortages unless 
S'teps are taken to anticipate and deal with them. • 



EKLC 




APPENDICES 



V 




ERIC 



r 



A. 
B. 



• ; i •■ . ■ . • » / , ' >■ 

* ■ . ■ ' ^ . . I ' \ ' * ■ V 

. . ■ " - . APPENDIX a' , . . 

' TAXONOMIES FOR THE CLASSIFICATIO?^ OF DATA ^, * 
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In Chapter II and in other places in the text, references ar^ tn^de 
to val^ious taxonomies releviant to the classification of , energy, en'fengy 
RD&D, manpower, and other mqasures o'f activity. In some cases, iv|:iere,4 
thie listing is relatively *sh'ort or simple, the complete taxonomy is . 
given, as in the case of the details of character of the ^rk included 
under RD&D (Section B in Chapter II). In others^ an abbreviated list- 
ing of^the catejgor^ies is presented in the text. Finally, references 
are. made to taxonomies not shown in^ tjie text. ^ ^ " ^ 

The following^ then are a series of taxonomies showing either 
greater detail^ftfjan given in the text pT bAng dispRtyed only :for in- 
formational purpoises to iliustrdft;e the scope aild' boundaries of energy 
^^||ivities. The separate taxonomies in some cases have established 
^^^■|ng systems, e.g., B3 below. 

w . 

A. RESEAjRCH, DEVELOWiENT, AND DEMONSTRATION-^ 

(Character .of Work, Sector^ of the? Economy, and Fields of Science) 



B'. 



ENERGY ACTIVITIES: 
1 . Energy Sources 
a. . Fossil 



Shown in Chajptej;* II, Section 



i . 


Coal ^ 




Natural' gas 


\lii « 


Petroleum 


iv. 


Oil shale 


V. 


T|^r sands 


Sol^r 




i. 


Thermal 


ii. 


Electric 


Wind 




Ocean 




i . 


Thermal 


ii. 


Motive 



e. 
f . 

h. 



Geo thermal 

Photosynibhesis, bioconversion ^ ' 

Hydroelectric ^ \ 
Syn^thetic fuels (hydrogen, methane) i 



^ 



1. 



Other 



2. 



Plant and animal by-products 
Uxibap and industriai^waste 
Water resources ' ^ 



sGeneral and multi-source 



1 




Enecfiy Stages 

a. Exploration' - ss^arch for^ or^-dis^losure of 
of energy. 

Extraction or recovWy - removal of primary 
^ginal location. ' 

c. Refining - Benefication, upgrading, purification,.' 

/ ing, or other treaiing of primary sources. 

d. Fudl conversion - coal gasification, uranium* and thorium x 

conversion, bionfask to fuel/ etc. 

e. Energy conversion - fossil-fueled power plant, fission and 

fusion (LWBR, HTGR, LMFBR) , hydroelectric, ocean thermal, \ 
photovoltaic, solat I^ating and cooling, wind generation i 
of electricity, etc. ^ 

f. Transportation and transmission - truckiiig, shipping, railing, 

^ and piping of raw or refined sources./ 

g. Distribution - processes of energy reaching final consumer 

(electric l;Lnes, wholesale ahd.retai]?. gasoline salves, etc.) 

h. . Storage - aocumulatibn of raw, refined, or converted sources^ 

including electric (compressed air, batteries, salt mines,/ 
• etc. ) . - 

i. , Utilization - improved cbnservatjLon or efficiency of energy* 



^nd use — in indust 
residential uses, 
basic sources for 



rial , commercial , transportation -or 

This 'area -includes conservation of ^ 
non-energy" uses. 
Waste disposal, removal or treatment - by products o;r end 
products of original sources of harmful or no libt^ntial 
use. ' ' j 
:^ . ' i ' ' ■ ■ ■ ' . ■ * ' ' 

As indicated previously, there can be conservation ; res^parch, 
development, and demonstration; environmental conceiwis, and 
basic science support aplfliqable to jany of these stages. 

■ ■ i " ■ _ . ^ J 

Energy Budget and Reporting Classifications * ' < ■ \' r 
(Follows on next page) ^ . • 



In moist categories, operating and- capital*'* and equi]^ent costs are 
available as separate items. 



ENERGY St>PPLY RESEARCH AND TECHNOLOGY DEVELOPMENT 



Coal . • - ' 

r Mines Researth and Development 
^ Liqrffefaction - ^ 



l^i r ec t jry dr o g en a t i ah 
' Solvent E^tr^ction*., * . 

Tyrplysife^ ^ * 

Indirect LiqueCacti'Qn - . , 
Support'' Studies- and Engineering 
Liquefaction Demonstration Plants 

Special For^gn Currency -IJLiquef act ipn Project 

- ^ . - * ' ^ , ', . - . 

Gasification v ♦ 

nigh-BTU Gasification \ ' 
Low-BTU Gasification -/ ' 
In Situ Coal Gasification 
Gasification Demonstration Plant 

Advanced Pover Systems 
Direct Combustion 

Fluidized-Bed Boiler - Atmospher^ 
Pressurized Systems 
Coal-Oil Slu^rries 
^ Support Studies and Engineering 
Direct* Combustion Deijionstration 




valuations 



echnology 



Advanced- Research and Support in 

Magnetohydrq dynamics- 
Open Cycle Plasma Systems 
Appli ed . Research 
Special Foreign Currency,'- rlll] 

Petroleum ; 

Enhanced Oil Recovery ^ 
Oil from Oil Shale v , 
Drilling, Exploration and 6ffsh6re Technology 
Product Characterizatron and U'tltlization ^ 

Gas . ' . • * » 

Enhanced Gas Recovery \ 

,Ga^ from Oil Shale ' . . 

S'olaf^ ^ ^ , 

Thermal Applications' , ^ . 

• Technology Suu|)ort and Utilization ' * 1 
Solar- Electri^ Applications , ^ 
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AD 



AE 



AF 



AG 



01 
02 
03 
04 
05 
06 



01 



01 



0^ 



03 



04- 



6i 

02 
03 
04 
05 




01 
02 
03 
04 



01 

02 
03 



01 

02 



01 

02 
03 
04 
05 



01 

02 

03 

04 

05 

06 

07 _ 

08 

09 



05 
06 



Solar (continued) 

Solar Thermal Power 
Photovoltaic. Energy Conversion 
Wind Energy Conversion Systems 
Ocean Thermal Energy Conversion 
Solar Satellite Power Systems (SSPS) 

Geothermal 

Engineering Research and Development 
Resource Exploration and Assessment 
Hydrothermal Technology it^pli'cat ions 
Advanced Technology Appl^lcatlons 
Utilization Experiment's'^- 

Environmental Control and Ihstitutional Studie 
F^usion ' 
Magnetic Fusion 

J- . • 

Confinement Systems 
Development and Technology 
Applied Plasma Physics 
Reactor Projects 

Fission " 

Uranium Resource Assessment 

• Geologic and Related Investigations 
technology Development ' 
Supporting Services 

Fuel Cycle Research and Development 

Support of Nuclear Fuel Cycle 
Commercial Waste Management 

Breeder Reactor 

Breeder Reactor Studiers 
CRBR Project 
FFTF Project 
Breeder Technology 
Test Facilities ■ 

Nuclear Research and Applications 

Wat er Cooled Breeder Re&c tors 

Gas Cool6d Thermal Reactors 

Gas Cooled Fast:Breeder Reactors (OCFR) 
,/ Advanced Convert Reactors 

Light Watdr Reactor Technology 

Technology Development and Special Projects 

Space Applications 

Advanced Isotope Separation 
, . Nuclear Energy Assessments 
Light Water Reactor Facilities 
International Spent Fuel Disposition 



EKLC 



A-^ 



) 



. . . / 

AH * Hydroelectric 

01 7 Low Head Hydroelectric Development 

AJ Dijomass (Fuels) ' . , » 

AK Multi-Resource ^ 

01 Basic Energy Sciences 

«. <, 

01 Nuclear Science 

02 Materials Sciences 

03 . ChemElcal Sciences 

04 Engineering, Mathematical and Geosciences^ 

05 Advanced Energy Projects ■ 

09 Used Nucleeir Equipment Grants (Nonfund) 

B ENERGY SUPPLY - PRODUCTION, DEMONSTRATION AND DISTRIBUTION. 

BA . Coal / 

BB ^ Petroleum 

01 . Naval Petroleum and Shale Reserves 

BD Sol^r 

01 Heating and Cooling Demonsti^ation Program 

02 Federal Buildings Solar Program 

03 Solar Commercialization 

BE Geothermal 

BG . Fission 

01 Uranium Enrichment Activities 

01 U-2o5r Production 

02 Process Development ^ 

03 , All Other U-235 

BK ' Multi-Resource $ - , ' 

01 Electricity 

02 8 Alternate Fuels Demonstration Program 
, 03 Federal Leasing 

BL Power Marketings. 

' "-w . , ■ . ' . 

01 Alaska Power Administration 

02 Bonneville Power Administration 

03" Reclamation Power Administratirn * , 

04 Southwestern Power Administration 

05 Southeastern Power Administration 



EKLC 



A'-6p o -V 



c 



CONS?iRVATION 



CI . Utilities 

01 . Electric Energy Systems 

02 'Utilities Demonstration 

03 District* Heating 

04 Consumer Offices 

05 Rate Reform 

C2.. ' Residential 

C3 . Commercial' 

C4 Industrial 

^ 01 Industry 

02 Industrial Monitoring 

03 Cogeneration ^ . 

04 Industry Energy Conservation 

05 / Other Industrial 

C5 ^ Transport 

01 ^ Transportation Energy Conserv£^tion 

01' Highway Vehicle Systems 

02 Non-Highway Systems 

03 Technology Studies 

04 ' Electric and Hybi^^ Power System^ 

05 Technology Implemj^ntation 

06 Electric and Hybrid Vehicle RD&D 

02 Mileage Guides 

C6 Federal Energy Management 

C7 State/Local Programs 

C8 ^ Multi-Sector 

01 Energy Storage 

02 Improved Conversion Efficiency 

04 Energy Extension Service 

05 V Marketing 

06 Inventors Program Support 
08 Apjirppriate Technology ^ 

D REGULATION 

DB Petroleum . , 

DC Gas J ^ 

.01 Pipeline Re^julation 

Q2 Producer Regulation 

DH • . Hydro ^ . 

01 Water Resources Analysis - 

02 Hydroelectric Projects* Licenses 



FRir 



DK Multi-Resource ( 

01 P,etroleura Products and Natural Gas .-^ 

02 Compliance 

03 Private Grievances and Redress 

04 , Electric Utility Regulation^ , . 

05 Compliance and Bn^Torcement < 

06 Program Direction - Management 

E EMERGENCY PREPAREDNESS 

EB Petroleum 

EK ' */ Multi-Resource 

F ENERGY INFORMATION 

G ^ EMVIRONMENT 

GK Multi-Resource , 

01 ' ^ Environmental Research and Development 

01 Overview and Assessment 

02 Biomedical and Environmental Research 

H • BASIC SCIENCES 

HK ■ i- 1 . Mulii-Resource • r : : 



' 01 ' . ' ' Lif e ffcienc^swJl^s'ea^.ch ahd Biom 

02 ^. ^ ■■"''^•^ : • 

03 , .v^-v-'. ./-iNuclitfar ?hy;si;<iR^c::v^ n . . ;: . 
J ATOMIC ENEli&if^^©^ 

JF • Fusion ■ : ' /■ 

01 ^' Inertial^Jt^ort^ii^rete^^ 

JG Fission 

01 ' -y Naval Reactor Development 

01 Submarine Propulsion Reactors 

02 Surface Ship Propulsion Reactors - x 

03 *^Supporting Research and Development 

JM Vibeapons * 

01 Weapons Activities 

01 ^ Research and Development 

02 Full-Scale Tests 

/03 Production and Surveillance 

02 . Intelligence and Arms Control ^ 

03 Special Materials Production 

04 ' . ^ Nuclear Materials Security and Safeguards 



ERIC 



I 

I 



^ ^ 



K POLICY AND MANAGEMENT 

KK Multi -Resource 

* 01 Policy and Program Analysis ' 

^02 General Systems Studies - . 

KN Other 

01 Program Direction - Management Sup?port 

02 Institutional Relations 

10 ft Technical Information Services 

20 Industry Relations and Technology 

30 Government Relations 

- 40 University Programs ^ 

) 01 Human Resources Development , 

' I . ' Manpower and Systems Assessment 

^ y University Research and Support Activities . 

03 /Supporting Activities 

04 ^International Cooperation^ in Non-Nucleai: Tec^nnolog 



WN ' COST OF WORK FOR OTHERS 

01 V Cost of Products Sold 

02 Cost of Services Performed 

03 Cost of UESA SerVi^s 

05 Cost of Separative Work - Toll Enrich'ing 

06 Cost of SS Material Sold 

07 -Cost of Other Special ^*rodi|cts Sold 

OTHER COSTS AND CREDITS 

ZN REVENUES ; . 

35 * CAPITAL EQUIPMENT NOT RELATED TO CONSTRUCTION 

39 , PLANT ACQUISITION AND CONSTRUCTION 

40 COST OP REIMBURSABLE WORK FOR OTHER PEDiERAL AGENCIES 

50 REVENUE FROM REIMBURSABLE WORK FOR OTHER FEDERAL 

AGENCIES 

^ 80-91 RECONCILING ITEMS AND OTHER CATEGORIES 
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4. ERDA Budget Estimates^ Amended FY 1978 * 

The following categories were utilized in Authorization Iletarings 
before the House of Representatives* for the FY 78 budget. They 
are based on those sfiown in* 3 above. 

a. Co'nservation Research and Development 

it Electric energy systems and energy storage 
ii. End use conservation and technologies Jbo improve 
efficiency: Industrial energy conservation 
Buildings and community design , 
Transportation energy conservatioi)' 
^ Improved conversion efficiency 

■ iii. Energy extension service 

V 

Fossil Energy Development 

i . Coal 

Petroleum and natural gas 
Oil shale and in situ technology 

.c. Sol ary Energy Development 

i. Thermal applications ^ 
^ ^ , ii. Technology support4 and utilization . 
iii. Solar electric 
iv. Fuels frjDm biomass 

f ^ ■ --J 

d. , Geothermal Energy Development 

'/-*'' ' ■ 

i. Engineering R&D 

ii. Resource exploration and develi3pment 

iii. Hydrothermal technology applications 
iv. Advanced technology applications • 

' V. Utilization experiments ^ 
. vi. Environmental control and institutional studies 

e. Fusion Power Research and Development 

i. Magnetic fusion 
ii* Laser fusion 

f • , Basic Energy Sciences ' 

i. Nuclear science 

ii. Materials science 

iii. Molecular I mathematical , and gposcience 

iv. Advanced energy, programs 

g. High Energy TPhysics 

Fermi National Accelerator Laboratory 
ii. Alternating Gradient Synchr'otron 
iii. Zero Gradie^ Synchrotron 

iv. Stanford iLil^ear Accelerator Center 



* y. S. House of Representatives, 95th Congress, li^Session, Commit- 
tee on Science and Technology, Hearings, 1978 ERDA^Authorization, 



Volume I. 



A-IO 
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Nuclear Physics 

i. Medium energy^ physics 
ii. Heavy ion physics 
iii. Nuclear theory 

Liquid Metal Fast Breeder Reactor 

Nuclear Research and Applications ^ 

i. Water cooled breeder reactors 

ii. Gas cooled thermal reactors 

iii. Gas cooled f^st breeder reactors 
iv. Molten^ salt breeder reactors Vl: 

V. Technology development and special 
vi.^ Space applications 
vii. Adv£U]| ted isotope separation technology 

Nucleai^ Regulatory Commission Safety Facilities " 

i. Loss of fluid test facility 
ii. Plenum fill experimental facility 

Fuel Cycle Research and Development 

/ i« Uranium resource assessment 

ii. Nuclear fuel cycle 

iii. Long term isolation or terminal storage 

-iv. R&D on retrieval storage 

Uranium Enrichment 

i. U-235 production , 4 

ii. Process development \^ 
iii*. All other U-235 ' ' 

,* ■ ^ ' ' 

Environmental' Research and Dev:elopment 

i. Overview management 

ii. Environmental policy analysis 

iii. Integrated assessment 

iv. Environmental •engineering 

V. ^ Standards, safety, and compliance 

Life^Sciences Research and Biomedical Applications; 

i. General life sciences 
ii. Biomedical applications^ 

Naval 'Reactor Development 

^ i. Submarine propulsion reactors .' A 
ii«^ Surface, ship propulsion ^ 
iii. Supporting research and development 

Weapons Activities 

i. Research and development 

ii. Testing of atomic weapons 

iii. Special test detection 

iv. Production and surveillance 



r« Special Materials Pigb'duction 



im Production r\ * 
ii. Process development ^ 
iii. « Waste management (befc^nse) 

Nuclear Materials Security and Safeguards 

i. Research) development, test, and evaluation 
il. Safeguards analytical laboratory (Support) 
iii. Nuclear materiali^management and safeguards system 

Nuclear Explosives Applications 

i • Stp]r$^^e application development 
ii, Technc^togy support " - ' 

Program Direction 

Institutional Relations ' ' 
Supporting Activities 
Cost of Work for Others 

Enrichment Revenues , V V 

Miscellaneous Revenues , « 



5. ERDA "Uniform Contract or Reporting Guidelines" (UCRG) ♦ 



Fossil Fuels (including synfuel) 



Al -Fossil Fuels (general) . 
A2 - Coal Conversion - Liquefaction 
A3 * Coal Conversion - Gasification 

4 - Oil and Gas 
;^5-0il Shale ^ 
A6 - Biom^ss - pyrolysis 



Nuclear 

Bl - Nuclear (genieral) 
B2 - Fission - Converters 
B3 -Fission Breeders 
B4- Fusion Magnetic 
B5^- Fusion Laser 

Geothermal 

CI - Geothermal (general) 
C2 - liydrothermal 
C3 - Geopressurized 
C4 -Hot Dry Rock 



Solar 

Dl - Solar tlg^neral ) '•^ 
D2 T Direct Heat/Cool 
D3-Ele^tpxe 
D4 - Ocean, Wind 
D5 - Biomass 

Conservation 

El - Conservaiion (general) 
E2 - End Use 

E3 - Improved Conversion 
V Efficiency 
' E4 - Energy Storage 

Other -^1: 

Fl - Multi-Technology 

F2 - General (6r Basic) Science 

F3 - Medical Applications of 

Nuclear Technology 
-Hydroelectric- 
F5- Other (identify on 

the form) 



* Energy Research and Development Administration, ERDA Uniform Con ^ 
tractor Reporting Guidelines ^ January 1977 • / 
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6, Scope of Energy R&D Inventory * 
PART I. ENERGY SOURCES 



A. COAL/. 

/ / 



^ . . 

!• Exploration, geology, reserves 

2. Mining R&I? 

3. Processing' (liquefaction, gasificlttion, desulfurizatlon) 
Am Environmental aspects - v 
5. Co|abustion studies ' 

B. PfeTROLEUM & NATURAL GAS ^ x 

1. . Exploration, geology, resei^ves - . . 

^2. Drilling and jproduction 
3; Processing and refining R&D . 

4. Transporting and storage^ ^ / ^ ' 

5. Combustion studies 

6. Environmental aspects - ' - 

C. OIL SHALES & TAR SANDS ^ 

D. NUCLEAR FUELS i ^ ^ 

1. Exploration, mining, ore processing 

2. Uranium^ enrichment 'or fuel reprocessing 
Environmental aspect3 ' ' . 

E. SOLAR 




1. Solar thermal conversion 

2. Heating, and cooling i 

"^3. Wind 'energy or ocean thermal coi^version 

4. Photovoltaic coaversiop 

5. Photosynthesis, bioconversion 

F. 6E0THERMAL ENERGY 

G. SYNTHETIC FUELS (hydrogen, methane, etc.) 

H. MISCELLANEOUS 

1. Pl^nt and animal by-products " 

2. Urban and i^ustriaX waste 

3. Vater resources 



Utilized in the Inventory of Energy Research and Development Conducted 
by the Oak Ridge National Laboratory for EROA. Report j^repared for the 
Subcommittee on Energy Research, Development, and Demonstration of the 
Committee on Science and Technology, U. S. Mouse o^ Representatives, 
94th Congress, 2rid Session, January; 1976. 
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PART II. ELECTRIC POWER - 

'A^i ELECTRIC Poi/ER GEJJERATION . / 

1. Fossil fueled and unspecified/ , . / 

a. Research and engineering development 

b. Materials and equipment . ^ ■■ 

c. Cooling systems, < 

d. Environment ^ air pollution ' 

e. Environment - water^ pollution > ' , 

f . Environment - land pollution ;/ 

g. . Environmen't r waste product recovery, use, and* 
; disposal - 

2. Fission fueled * 

a. Research and engineering development 
■< b. Materials and equipment - . z / 

c. Breeder reactors 

d. All other reactors . . 

e. Reactor"^ safety studied " 

f . Cooling systems 

g. Environment - air pollution 

h. Envij^pnment - water pollution 

i. Environment - land pollu1?ion - 
j. .Environment - pollution, radioactive ' 

k. Environment - wastes product recovery", use, and 
disposal - ^ 

3. Hydroelectric 

4. Nuclear fusion , ' \ 

a. Plasma properties, production, and heating 
' b. Lasers' 

c. Confinement 

d. Engineering development 

5. Other electric power generation 

( a. MHD and EFD 

b. Fuel cells 

c. Thermionic and thermoelectric generators 

d. Power cycles (Rankine, Stirling-, Drayton, Combined) 

B. ENERGY ^STORAGE 

1 . Pumped storage ^ 

2* Batteries and storag;^^ cells 

3. Electrode and .electrolyte studies 

4» Flywheels 



C. ELECTRIC PlH/ER TRANSMISSION AND DISTRIBUTION 

.1. Undersurrkce systems ( cables, accessories, or super 

conductivity) ... 
2m ^ Overhead systems (transmission lines, etc.) 

3. Stations and dotations 

4. Relaying, metering, and automation 

D. ELECTRIC POWER PLANNING, ENGINEERING, & .OPERATIONS ' ' 
1 . Load forecasting 

2m System planing, operation, and control 
3, Electrical and physical phenomena 

PART III. ENERGY USES AND CONSERVATION 

A. SPACE HEATING ApilD COOLING 

1. Waste heat utilization 

2. Building design 

B. LIGHTING, APPLIANCES, AND EQUIPMENT 

C. INDUSTRIAL AND MANUFACTURING PROCESSES ' 

D'. TRANSPORTATION , ■ 

1. Air and space i„ 

\2s, Metier. •. ' . -.^ ^ . ' 

0. Ground • ^ ' - 

a. Research and engineering development 

b. Internal combustion systems 
^Cm External combustion systems 

d. Electrical propulsion 

e. Efficiency and fuel economy 

4. Environment Aspects . ^ 

a. Noise 

b. Exhaust studies « ^ 

c. Emissi'ons control ' 

E. AGRICULTURE 

PART IV. GENERAL ENERGY-RELATED STUDIES 

A. ECONOMICS 

^ . . . ' 

1, Supply, demand, forecasting ^ 
2m Econ^ic* feasibility 

a. POLICY, LEGISLATIVE, OR REGULATORY 

C. _ TECHNOLOGY ASSESSMENT " , ' 

D. SOCIAL AND SOCIO-ECONOMIcf ASPECTS 

E. JPUBLIC INFORMATION AND CONFERENCES 

F. OCCUPATIONAL HEALTH HAZARDS 




7. Energy Sources and Functions of Federar Energy Information 
Locator System * . 

COAL S 

Exploration 
Resources (reserves) 
Extraction ^ ^ 
Processing ; - 
Tr an spo r/ a t i on 

Organizational and Financial ' 
Structure 
< Consumption 
Imports and Exports 
Research and Developm^ent 

ENERGY-RELATEQ : 
General u 
Truck Inventory/Use 
Commodity Transportation 
National Travel ^ 
Farm Expenditui;;es • 
Private Electric Ut^^ities — 

Performance Ratios 
Energy Conservation/Bpiidings 
Energy KJonserva^ ion/Indusf ry 
Energy Conservat ion/€ommuni ty 
Associated Airline Financial 

\ and Operating Uata^ 
Associated Airline Passengef*- 

^ Travel Data 

Earnings Impacts for Selected 
Yea||s 

jSEOTHERMAL : - ^ 

Exploration 

Resources ^,(reserves) / ^ ' 
'Extraction ^ 
Processing V 



ELECTRICITY : 
Production 
distribution 
Consumption 

Organizational and Financial 

Structure 
Research ^nd Development 

NATURAL GAS : 
Exploration 
Resources (reserves) 
Production \ 
Storage \ ^ 

Distribution 

Imports and Exportrs ' 
Processing 

Consumption * ' 

Organizational and Financial 

Structu|re / 
Research and^ Development 



NUCLEAR : 



V. 



OIL SHALE: 




Exploration 
R eso u r ced'*-<4^e s e r ve s ) 
Extraction ^ 
Processing " 
Transportation of Syncrude 



Exploration 
Resources (reserves) 
Extraction (mining^) 
Transportation 
Milling 

Uranium Mexaflouride Production 
Enrichment 
Fabrication 
Storage 

Imports and Exports 
Reprocessing 
Waste .Managementi^ 
Research and* DeVelopment 
Organizational and FinanciJ^l 

structure 
iieactor Operations 
Licensing 
Uranium Sales 



♦ Federal Energy Administrat ion. National Energy Information Center, 
Federal Energy Information Locator System . FEA/B-76/492, ^ Wasl^irigton, 
' * ft.O^., November 30, 197J6. ^ ^ \J 
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ORGANIC WASTE ; 
.Research and Development 

PETROLEUM : 

Exploration 

Resources (reserves) 

Production 

Storage ( crude ) 

Transportation (crude) 

Organizational and Financial 
Structfure* 

Imports and Exports /--^J— 
^ Research^and Development 

Purchase^ by Type 



SOLAR : \ ' 

Resources (system) 



PETROLfe^ PRODUCTS : 

Refining «. ' . 

Product Storage ' 
. Transportation 

Imports and Exports 

Consumption ^ 

Organizational and Financial 
Structure 

Research and Development 

Petrochemical Operations 

Sales by Type 

Refining Outputs 

Purchases by Type 



TAR SANDS : 
Exploration 
Resources (system) 
Extraction 
Processi^ng^ * 
Transportation 
Organizational and Financial 
Si;ructure r 



CATEGORIES 0^* MANPOWER (e.g. DOE Intramural RD&D, Other Federal 
Supported Energy, etc.) . 

^ ' " . ' ^ ' ■ ' ■ ■ ; . ' 

|; Shown in' Chapter^II, Section B 
OCCtjBATieH^L GROUPS ANIJ[^SPECIA 

The /ollowinl list is bq:sed on the Standard Occupational Classifi- 
cation (bein^ developed under the aegis of OHB).* It is a broatl 
general listing of occupations, similar in content to those gener- 
ally used inf other programs, for example,ftthe Dictionary of Occu- 
pational Titles, Census Occupational Classification System, and 
those used in manpower surveys such as those of NSF and BLS. 

!• Engineeys and Scientists (including college professors and 



a. Engineers 

Aeronautical 
Agricultural. 
Ceramic 
Chemical 
Civil, sanitary 
Geological' ^ 
Industrial * 



instructors) 



Metallurgical, a^terials 

Mechanipal 

Mining 

Nuclear 

Petroleum 

Other engineers 



• Executive Office of the President, Office of Management and Budget, 
Standard OcScupat-ional Classification Manual (Draft), 1976. 



by Environmental Scientists ^ ^ 
Atmospheric, m^terologists 

Earth scientists, geologists, geophysicisf s , 
Oceanographers ^ „ . 

c./ Physical Scientists 

Chemists Physicists and astronomers ' . 

/ Metallurgists Other physical scientists . ^' . / 

dm l^iathematWlans and Statisticians 0 - 

Actuaries Operations research analysts 

- 'Mathematicians Statisticians 



>e.« Life Scientists 

Agricultural (including foresters and conservationists) 
Biological scientists - • , 

(anatomistst 'bacteriologists, * botanists, entomologists, 
^ ^geoeticists, microbiologists, plant /pathologists, soil 
scientists, zoplogistsi.^^etc* ) 'nc. . 

Biochemists^ 4 - • ' ' '/ 

« 'Biophysici^ts ^ ; ' 

- . Medical scientists 

i . . • . , \ 

f • Social Scientists : 

Economists Sociol6gists and^thropdlogists 

Psychologists Other sbcial sci^trsts 

g. Health Professionals ^ ^ \ 

Dentists Physicians and surgeons 

Nurses Other health prof essions 

• Pharmacists ^ . * - ' 

hm, Architects • 

If ' ' ' ' " ^ ■ ' 

Technicians and Technologists 

a. Draftsmen and designers -> tpol^ mechanical ' archit>ectural 
^ and similar, types ] \ . 

b. ^ Surveyors^ ^ 

Cm Techniqians (medical, dentral^, .^life sciences, electrical .and 
electronic, mechanical, construction, engineering, physi- 
cal sciences, .social • sciejrvces) ^. 

Administrators and Managers, technical 4 ' 

a," Dean or department head in college or univ<ersity 

bm. Head of rei^cfarch, development, or demonstration laboratory 

^or facility ^ ^ 
Cm Manager of gas plants, electric utilities, etc* : ; 
dm Superintendent of ^drill^ing and production,^ pipelines, etc. 
e« Other scientific- and technical administratprs and managers 



Ski lled Craftsmen* 

a. Construction craftsmen 

* Brick stonemason 
Bulldozer operator 
Carpenter 
C^ment/concrete finii^her 
ii-lecti/ician 

b. Other^ 

Boilermai^er 
' . Craneman derrickman 
Electric power lineman 
Inspector 
Machinist 

c. Operatives 

Asbestos worker 
Blaster powderraan 
Oriller earth 
Mine ope rat ive not 
elsewhere * classified 



Excav,ating/grading machine 

operator 
Painter 

Plumber pipefitter 
StAuctur^i metal craft — 



Mechanical repairman 
Millwright 

Power station operator 
Sheetmetal worker 
Staiiojiary engineer 



Oiler greaser 
Stationi^rV fireman ^ 
Transport equipment^operator 
Vielder fl-amecutter ' 



d. Foreman, relevant occupations and industries 

The review of operations for occupations unique to eniergy ^id not 
reveal any unexpected special ties and practically all can be sub- 
sumed under the several categories shown above. Amopg the more 
unusual specialties were the following^ 



Engineers 

Geological 
Corrosion 
Combustion 
Environmental 

Chemists 

Corrosion 
Surface 
Atmcjspheric 
Solfd^state 



lectrochemist 



Physicists . 
Plasma. 
Optical 
A^itiospheric 

Other scientists 
Epidemiologist 
Aquatic ecologist . i 

Mi crobiological ecologist 
Thermodynamicist 
Physical metallurgist 
Toxicologist 



F.. FIELDS OF DEGREES, OTHER AWARDS AND ENROLLMENTS 

Full detail of the taxonomy is shown in those broad areas within 
which some cat egori es are relevant to energy RD&D — maybe on^y a 
single. item in some cases. Group titles with little likely rele- 
vance to energy RD&D are shown for information only (and to com- 
plete the full taxonomy^ of instructional programs) and no detail 
^ is given (e.g., area studies, education, fine and applied arts, etc.) 

' ■ ■ ' 

Based on lists used in Project Independence Labor Report and on list 
used by ERDA in GOGO Contract Manpower Reports. 



^ 1. CONVENTIONAL ACADEMIC SUBDIVISIONS Of KNOWLEDGE AND TRAINING- 



- 0100' AGRICULTURE 
NATURAL RESOURCES 

Subject field designations which chara^ 
terize students, faculty, facilititK. de-^ 
gree programs, research, projects, etc 
having to do with the production of 
food and management of natural 
fiber^ plant, forest, and wildlife 
resources. 



0101 
0102 

0103 

0104 
0105 
0106 
0107 

0108 

0109 

0110 

0111 
0112 
0113 

on4 

ons 

0116 



0117 
0199 



Agriculture, gcn<?ral 

Agronomy (fii-ld crimps, and crop 

managcjiicnl ) 

Soils science ( rnanagcnicnl and 
conservation) ^ 
Animal science (husbandry) 
Pairy science (husbandry) 
J^ultry science 
Fish, game, and wildlife 
management 
^Horticulture (fruit and vegetable 
production ) 

Ornamental horticulture 
(floriculture, nursery sqience) 
Agricultural and farm 
imnagement 
Agricultural economics 
A^rictfjtural business 
Food^science and technology 
ForestX I, 
Natural resources management 
Agriculturj; 'and forestry 
technologies (baccalaureate and 
higher programs) 
Range* management 
Other, specify 



gree programs, research proj^ts, etc. 
having to do with tratTiin^ for a p^ro- 



0200 ARCHITECTURE and' 
ENVIRONMENTAL DESIGN • 

Subject field' designations which charac- 
terize students, faculty, facilities,' de- 

.fession in designing buildin^is, com- 
munities, parks, ar\d other rnanmade' 
aspects of the physiosocial. eniiron- 
ment. 

0201 Environmental design, general 

0202 ARchiiccturc ' 

0203 Interior design 

0204 Landscapcijyc'hacctufr • 

0205 Urban arclliitrcturr 

0206 City, comrnurvity, and regional 
planning X- 

0299. Other, specify 



0300 ar!ea studies 

Subject field designations which charac- 
terize students, faculty, facilities, de- 
gree programs, research projects, etc. 
having to da with programs designed 
to study cultures indigenous to spe- 
t cifijc geographic regions. 

0301 Asian studies, general 

0302 East Asian studies 

0303 South Asian (India, etc.) studies 

0304 Southeast Asian studies 
030j African studies 

0306 Islamic studies ... 

0307 Russian and Slavic studies 

0308 Latin American studies 

0309 Middle Eastern studies 

0310 European studies, general 

0311 Eastern European studies 

0312 , West European studies 

0313 American studies 

0314 Pacific area studies , 
0399 Other, specify" 



0400 BIOLOGICAL SCIENCES 

Subject field designations which charac- 
terize students, faculty, facilities, de- 
gree programs^ research projects, etc. 
, having to do with the science of life 
• or living matter in all its forms and 
phenomena especially with regard to 
the origirt, growth, reproduction, and 
structure of life forms. 

0401 Biology, general ' 

0402 Botany, general \ 

0403 Bacteriology 

0404 Plant pathology . . 

0405 Plant pharmacology 

0406 Plant physiology 

0407 Zoology, general 

0408 Pathology, human and animal 

0409 Pharmacology, human and 
animal - 

()4i0 Physiology,' human and animal 

04 1 1 .Microbiology 

04 1 2 Anatoriiy 

0413 Histology. 

04 1 4 Biochemistry 

0415 Biophysics A 

0416 Molecular biology 

0417 Ccll>Tu7ogy (cytology, cell 
^^^^jili'^iology ) 

04I^L Marine !)i()!ogy • 

04 1 9 \ Biometrics and f)l{)Statisiic's 

0420 y.cology 

04'J 1 Entomology 

0422 Genetics 

0423 Radiobiology 



04J4 Nutrition, scientific (excludes 

nutrition in home economics and 
dietetics) 

04 J J Neuroscicnces 

0426 ToxicoTogy 
. 04J7 Enil)ry(.ilugy 

0499 Other, specify 

^' 

0500 BUSINESS and 
MANAGEMENT 

Subject field designations which chara(^- 
terize sjudents, faculty, facilities, de- 
gree programs, research projects. etC- 
related to the organization, operation , 
administration, and control of private 
and public organizations. 

0501 Business a^jicf^commerce, general 

0502 Accounting 

0503 Business statistics 

0504 Banking and fmince 

0505 Investments and securities 

0506 Business nianageniejit and 
administration 

0507 Operations research 

0508 Hotel and restaurant 
managelnent 

0509 Marketing and purchasing 

0510 Transportation and public 
utilities 

05 1 1 Real estate 

0512 Insurance 

0513 International business 

0514 Secretarial studies (baccAlaureate 
and higher programs) 

0515 Personnel Imanagement 

0516 Labor and "'Industrial relations 

0517 Business economics 
0599 Other, specify 



0600 COMMUNICATIONS . 

Subject field^designations which charac- 
terize students^aculty, facilities, de- 
gree programs, research projects, etc 
related to collection, preparation, and 
presentation of 'ideas and information 
intended for popular consumption 
through mass media. 

0601 Communications, general 

0602 Journalism (firinted media) 

0603 Radio/ tele vision 

0604 Advertising 

0605 Conununit^Uon media (use of 
videotape, filt^i^, etc., oriented 
specifically tov\^!lTd radio/ 
television) 

0699 Other, specify 



^Department of* Health, Education, and W^fai^e, National CenteV^for Education 
Statistics,' A Taxonomy of Ins true tioi^l Prop.rams in Higher Education , OE-50064, 
WashinKton, D.C. 1970. 

? . ■</ 
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0700 COF/PUTER and 
INFORMATION SCIENCES 

Subject field Jesignations t^^hich chmaC' 
teriie students, faculty, facilitiei, de- 
gree programs, course work, research 
projects, etc. having to do with the*^ 
design, development, and application 
of computer capabilities to data stor- 
age and manipulation and ^ related 
computational procedures. 

■f ■ 

0701 Computer and information 

sciences, general 
070J Information sciences and systems 

0703 Data processitig 

0704 Computer programming 

0705 Systems analysis 
0799 Oth«r, specify 



0800 

Subject field de. 



EDUCATION 



ignations which charac- 
terize students, faculty, facilities, de- 
gree prograrrjs, research projects, etc, 
related to administration and control 
of educational organizations and insti- 
tutions and subjects related to instruc- 
tion, and Services both wjthin and 
outside of Isuch formal organizations. 



0801 Education, general 

0802 Elementary education, general 

0803 Secondary edur;ition, general 

0804 Junior hi^" school education 

0805 Higher education, general 

0806 Junior and community college 
vcducation 

0807 Adult and continuing education 

0808 Special education, general 

0809 Administration of special 
education - 

0810 Education of the mentally 
retarded 

0811 E.ducaiion of the gifted 

0812 Education of the deaf . 

0813 Education of the culturally 
disadvantaged 

0814 Education of the visually 
handicapped 

OB 15 Speech correction 

0816 Education of the emotionally 
disturbed 

0817 Remedial education " 

0818 Special learning disabilities 

0819 Education oi the physically 
• ' handicapped 

08'JO Education of th<f multiple 
handicapped 

0821 Social found.ilions ^history and 
- philosophy of education) 

0822 Kdi:cational psychology (include 
learning theory) ' 

0823 Pre-elen>cnlary education 
(kindergarten) " 

0824 Educational statistics and 
\ research • 



002") Educational testing, evaluation 

and measurement 
0826 Student pcrsoimcl (counseling 

and guidance) 
0Mj7 Educational administration 
0t^2H Educational super%is»on 
0MJ9 Curriculum nud 'instruction 

0830 Rcadiug education (methodology 
and theory) 

083 1 Art education (methodology and 
theory) 

0832 Music education (methodology 
and^lieory) 

0833 Mathematics education 

( nicthodology and theory) 

0834 Scieiice education (methodology 
and theory) 

0833 Physical education 

0836 Driver and safety education 

0837 Health education (include 
family life education) 

0838 Business, /Commerce, and 
distributive education 

0839 Industrial arts, vocational, and 
technical education 

0899 Other, specify 



0900 ENGINEERING 

Subject field designations which charac- 
terize stukents, faculty, facilities, de- 
gree programs, research projects, etc, 

^ having do with the practical appli- 
cation ofxbasic scientific knowledge to 
the design-, production, and operation 
of systems intended to facilitate man's 
control and use of his natural envi- 
ronment. 

0901 Engineering, general 

0902 Aerospace, aeronautical and 
astronautical engineering 

0903 Agricultural engineering 

0904 Architectural engineering 

0905 ^jjifingineering and biomedicz^I i 
"Engineering 

0^06 Chemical engmeering (include 
petroleum refining) 

0907 Petroleum engineering (exclude 
petroleum refining) 

0908 Civil, construction; and 
transportation engineering 

0909 Electrical, electronics, and 
comniunications engineering 

0910 Mecknnical engineering 

091 1 Geological engineering ^ 

0912 Geophysical engineering 

0913 Industrial and management 
engineering ^ 

09 1 4 Xfetall'urgical engineering 

09 1 5 Materials engineering 

0916 Crramtc engineering 

0917 TexlFle engineering 

0918 Mining and mineral engineering 

0919 Engineering physics 

0920 Nuclear engineering 



09: 
99: 



, / ^ 

0921 Engineering mechanics 

0922 Environmental and sanitary 
engineering 

0923 N^av,'il architecture and marine 
engineering 
Ocean engineering 
Engineering technologies 
(baccalaureate and higher 
programs) 

0999 Other, specify 



1000 FINE and APPLIED ARTS 

Subject field designations which charac- 
terize students, faculty, facilities, de- 
gree programs, research projects, etc. 
having to do with the creation and 
appreciation of the diverse modes of 
communicating ideas and emotions by 
means of stylized,, visual, and non- 

. visual representations and symbols. 

1001 Fine arts, general 

1002 Art (painting, drawing, 
sculpture) 

^1003 Art history and appreciation 

1004 Music (performing, composition, 
theory) ^ 

1005 Music (liberal arts program) 

1006 Music history and appreciation 
( musicology) 

1Q07 Dramatic arts ' ] 

1008 Dance 

1009 Applied design (ceramics, 
weaving, textile design, fashion 
design, jewelry, metalsmithing, 
interior decoration, commercial 
art) 

1010 Cinematography 

1011 Photography 
1099 Other, specify 



1100 FOREIGN LANGUAGES 

Subject field designations which chafac- 
' terize students, faculty, facilities, de- 
gree programs, research projects, etc. 

* related to mastery of a language other 
than English or related to the study 
of, a foreign culture through explora- 
tion of the literature of that culture 
as expressed in the vernacular Ian- 

1101 Foreign languages, general 
(includes concentration on /no re 
than one foreign language 
without major emphasis on one 
lan^uage) 

1102 French ^ 
I 1 03 German 

1104 Italian 

1 1 05 Spanish 

1106 Russian i 

1107 Chinese 



1108 Japanese 

1109 Latin 

-1110 , Greek, classical 
1111 Hebrew , <^ 

1112. Arabic 

1113 Indian (Asiatic) 

1114 Scandinavian laiigAinges 

1115 Slavi,c languages (otlicr than 
Russian) ' * ^ 

1116 African languages ( non-Scinltlc ) 
il99 Other, specify / 



1200 HEALTH PROFESSIONS 

Subject field designations which charac- 
terize students, faculty, facilities, de- 
gree programs, research projects, etc. 
having to do with the maintenance 
and restoration of physical and men- 
ial health. 

1201 Health professions, general 

1202 Hospital and health care 
administratibn 

"1203 Nursing (baccalaureate and 
higher programs). 

1204 iDentistry, D.D.S. or D.M.D. 
degree: 

1205 Dental specialties (work beyond 
first-professional degree, D.D.S. 
orD.M.D.) 

1206 Medicine, M.D. degree 

1207 Medical specialties (work 
beyond first-'Jjrofessional degree, 
M.D.) 

120Q Occupational therapy 

1209 Optometry 

1210 Osteopathic medicine, D.O. 
degree 

1211 Pharmacy 

1212 Physical therapy 

1213 Dental hygiene (baccalaureate 
and hrg^er programs) 

1214 Public health 

1215 Medical record, librarianship 

1216 Podiatry* (Pod.D. or D. P.)'or 
podiatric jmedic|nc (D.P.M.) 

1217 Biomedical communication 

1218 Veterinary medicine (D.V.M. 
degree) 

1219 Veterinary medicine specialties 
(work beyond first-professional 
degree, D.V.M.) 

1220 Speech pathology and audiology 

1221 Chiropractic 

1222 Clinical soci-al work (medical 
and psychiatric and specialized 
rehabilitation services) 

1223 Medical lal)oratory technolt>gies 
(baccalaureate and higher 

* programs) 

1224 Dental tcchnok)gie$ 
(baccalaureate and higher ^ 
programs) 



1225 Radiologic technologies 

(baccalaureate and higher 
programs) 

1299 Other,' specify 



1300 HOME ECONOMICS 

Subject field designations which charac^ 
terize students, faculty, facilitie^y de- 
gree programs^ research projects, etc. 
having to do with the theory and 
practice of family and home care in- 
cluding the science of .foods, home 



1509 Philosophy 

1510 Religious studies (exclude 
theological, professions) 

1599 Other, specify 



decoration 
child care. 



and management, ana 



1301 Home economics, general 

1302 Home decoration and home 
equipment 

13U3 Clothing and textiles 

1304 Consumer economics and home 
management 

1305 Family relations and child 
development 

1306 Foods and nutrition (include 
dietetics) 

1307 Institutional management and 
cafeteria management 

1399 Other, specify 



1400 LAW 

Subject field designations which charac- 
terize students, faculty, facilities, de- 
gree programs, ^research projects, etc. 
having to do with instruction in the , 
legal customs, practices, and rules of 
society and .states for the purpose of 
pursuing a career in jurisprudence. 

•1401 Law, general 
1499 Other, specify 



1500 LETTERS 

Subject field designations which charac- 
terize students, faculty, facilities^, de- 
gree programs, research projects, etc, 
'having to do with English language 
and literature and .value systems re- 
lated t<y ancient .and modern cultures. 



1501 

150'J 
1303 
1504 
1505 

1506 



1507 
1508 



English, general 
Literature, English 
Comparative literature 
Classics 

Linguistics, (include phonetics, 
semantics, and philologyy^~ 
Speech, debate, and forensic 
science (rhetoric and public 
address) 

Creative writing 

Teaching of English as a foreign 
language • * ' ^ 



1600 LIBRARY SCIENCE 



Subject field designations which charac- 
terize students, faulty, facilities, de- 
gree programs, ^research projects, etc. 
having to do with instru'ction in the 

. professional skills required t^^ organ- 
ize collections of books and related 
rna^Qials and the trainin-^ necessary 
for providing services relatx^ to them. 

1601 Library science, general * 
1699 Other, specify 



1700 MATHEMATICS 

Subject field desigriatfons which charac- 
terize students, faculty, facilities, de- 
gree programs, research projects, ^tc. 
having to do with the science of num^ 
bers and space ^configurations and 
their operations, measurement, rela- 
tionships, and abstractions. 

1701 Mathematics, general ' 

1702 Statistics, mathematical and 
theoretical 

1703 Applied mathematics 
1799 Other, specify 



1800 MILITARY SCIENCES 

Subject field designations which charac- 
teriz'e students, faculty, facilities, de- 
gree programs, research projects, etc. 
having to . do with techniques and 
skills unique to the pursuit of a pro- 
fessional career as a military officer. 

1801 Military science (Army) 

1802 Naval science (Navy, Marines) 

1803 Aerospace science (Air Force) 
1899 Other, specify 



1900 PHYSICAL SCIENCES 

Subject field designations which charac- 
'terize "students, faculty, facilities, de- 
gree programs, research projects, etc. 
having to do with the basic nature of 
matter, enetgy, and associated phe- 
nomena. 

4901 Physical sciences, general 

1902 Physics, general (exclude 
* biophysics ) ^ 

1903 Molecular physics ^ 
190.^1 Is^uclear physics 




1905 Chemistry, general (exclude 

biochemistry) 
19.06 Inorganic clicinistry 

1907 Organic chemistry 

. 190H , Physical cliemistry 

I9()9, Analytical cliemistry 

1910 Pharmaceutical chemistry 

191 I Astrondmy 

1911.' Astrophysics 

1913 Atmospheric sciences and 
meteorology 

1914 Geology 
1^15' Geochemistry 

1916 Geophysics and seismology 

1917'^ Karth sciences, general 

1918 Paleontology 

1919 Oceanography 

1920 Metallurgy 
1999 Other, specify 



2000 PSYCHOLOGY 

Subject field deiifinations which charac- 
ierize students, faculty, fccilities, de- 
gree programs, research projects, etc. 
having to do with bejiavioral and 
mental processes. 



2001 Psychology, general 

2002 Ex^>erimental psychology, 
(animal and hum^n) 

2003 • Clinical psychology 

2004 Psychology for counseling • 
2003. -Social psychobgy 

2006 Psycliome tries 

2007 Statistics iA psychology 

2008 Industrial'psychology 

2009 Developmental psychology 

2010 Physiological psychology 
2099 Other, specify 



2100, PUBLIC AFFAIRS I 
^ and SERVICES. ' 

Subject field designations which charac- 
terize students, faculty, facilities, de- 
gree programs: research projects, etc. 
related to developing and improving 
competencies in the rnanagement and 
operation of governmental agencies. 



2101 
2102 
2103 

2104 

^MOj 



M06 



2199 



Community services, general 
Public administration 
Parks and recreation 
management 

Social work and helping services 
(other than clinical social work) 
Law enforcement and correctioni* 
(baccalaureate and higher ^ 
programs) 

Intf rnaiional public service 
(other thah diplomatic service) 
Other, specify * 



2200 ' SOCIAL SCIENCES 

Subject field 'designi^fff^s which charac- 
terize students, fetc\Iby, facilities, 'de- 
gree programs, research projects, etc. 
having to do with all asptjts of the 
past and present activities, conduct, 
interactions, and organizations of hu- 



2201 Social sciences, general 

2202 Anthropolog)^ 

2203 Arch;%cology 

2204 Economics 
2205. History 

2206 Geography 

2207 Political science and government 

2208 Sociology 



02209 Criminology 

2210 International relations 

2211 Afro'American (black culture) 
st'udies 

2212 American Indian cultural studies 

2213 Mcxican-America>n cultural 
studies 

2214 Urban studies . . ' 
22ir> Demography 

2299 Other, specify , 



2300 THEOLOGY 

Subject field designations which charac- 
terize students, faculty, facilities, de- 
gree programs, research projects, etc, 
related to preparation and training 
for a religious vocation. 

2301 Theological professions, general 

2302 Religious music 
.2303 Biblical languages 
2304 Religious education 
2399 Other, specify 



4900 INTERDISCIPLINARY 
STUDIES 

Subject field designations which charac- 
terize students, faculty, faciliti,esj de- 
gree programs, research projects,^etc, 
involving more than one major dis" 
cipline without primary concentrhtion 
in any one area. 



4901 
4902 
4903 
4904 
4999 



General liberal arts and sciences 
Biological and physical sciences 
Humanities and social sciences 
Engineering «nd oj]i|r disciplines 
Other, specify 



^. TECHNOLOGICAL AND OCCUPATIONAL CURRICULUMS LEADING TO ASSOCIATE DEGREES 
AND OTHER AWARDS BELOW THE BACCALAUREATE 



5000 BUSINESS and COMMERCE 
TECHNOLOGIES 

Subject field designatiom which charac- 
terize students, faculty, facilities, de- 
"gree and certificate programs, etc. 
specifically associated - with develop- 
ment pf skills required for corftmercjal, 
business, or secretarial occupations at 
' the sejniprofesiional level, Ttvo years 
of preparation beyond high school 
usually sufficient for entrance into 
these occupational fields. 

5001 Business and commerce 
technologies, general 

5002 Accounting technologies 



:>no3 

3004 



500.) 

:>oo6 

5007 
5008 

5009 
5010 



Banking and finance technologies 
Marketing, distribution, 
purchasing, buiiness, and 
industrial management 
technologies 

Secretarial technologies (include 
office niaclimes training) 
Personal ser\icc technologies 
(stewardess, cosmetologist, etc.) 
Photography technologies 
Communications and 
broadcasting tcchnolotjies 
(radio/television, newspapers) 
Printing and lithography 
technologies 
Hotel and 'rcst;^urant 
management technologies 



5011 Transportation and public 
utility technologies 

5012 Applied arts, graphic arts, and 
fine arts technologies '(include 

, advertising design) • . ' 

5099 Other, specify 



5100 DATA PROCESSING' 
TECHNOLOGIES 

Subject field designations which charac- 
terize students^ faculty, facfnties, de- 
gfee .and certificate programs, etc. 
specifically associated with develop- 
ment of skills required for data pro- 
*cessing or related occupations at the 



ERIC 



semiprofessional level. Two years of 
prepamiion beyond high * school are 
, usually sufficient for entrance intu 
these occupational fields. 

5101 Data processing technologies, 
general 

5102 Key punch operator and otiier 
input preparation technologies 

5103 Computer programmer 
technologies 

5104 Computer operator and 
peripheral equipment operation 
technologies 

5105 Data processing aquipment 
maintenance technologies 

.5199 Other, specify 

5200 HEALTH SERVICES and 
PARAMEDICAL TECHNOLOGIES 

Subject field designations which charac- 
terize students, faculty, facilities, de- 
gree and certificate programs,', etc.. 
specifically associated with develop- 
ment of skills required for health 
service related occupations at - the' 
semiprofessional level. Two years of 
preparation beyond high school are 
usually sufficient for entrance into 
these occupational fields. 

5201 Healtli services assistant 
technologies, general 

5202 Dental assistant technologies 
5!J03 Dental hyglcrle technologies 

5204 Deniaf lal)ural(^ry lecfinologies 

5205 \fcdical or biological laboratory 
.assistant technologies 

•5206 Animal laboratory assistant 
technologies 

5207 Radiologic technologies (X-ray, 
etc.) 

5208 Nugrsing, R.N. (less than 4-year 
program) 

5209 Nursing, practical (L.P.N, or 
y JL.V.N. — less than 4-year 

.program) , 
5210^ Occui)ationa! therapy 
technologies 

5211 Surgical technologies 

5212 Optical technologies (include 
ocular care, ophth:ilniic, 

opt onie trie technalt >glrs ) 

5213 Medical record lechnologips' * 



5214 Medical assistant and medical 
office, assistant technologies , 

.")2lj Inhalation therapy technologies 

5216 P.sychiatric' technologies^ (include 
mental health aide programs) 

52 1 7 Electro diagnostic technologies 
(include E.K.C' E.E.G., etc.) 

5218 Institutional management 
technologies (rest home, etc.) 

5219 Physical therapy technologies 
5299 Other, specify 

' ■ J 

5300 Mechanical and 

ENGINEERING TECHNOLOGIES 

Subject field designations which charac- 
terize students, faculty, facilities, de- 
gree and certificate programs, etc. . 
specifically associated wi:h develop- 
ment of skills required for mechanical 
and. engineering related occupations 
at the semiprofessional level. Two 
years of preparation beyond high 
school are JUS u ally sufficient for en- 
trance into these occupational fields. ^ 

5301 Mechanical and engineering 

technologies, general 
.')302 Aeronautical and aviation 

technologies 

5303 Engmecring graphics (tool and' 
machine drafting and design) 

5304 Architectural drafting 
technologies , 

5305 Chemical technologies (include 
plastics ) 

5306 Automotive technologies 

5307 Diesel technologies 
.");?08 Welding technologies 

53Q9 Civil technologies (surveying, 

photograrnmetry, etc.) 
5310 Electronics and macliine 

technologies ( television, 

appliance, office machine repair, 

etc.) 

531 1 Electromechanical technologies 

5312 Industrial teclinologies 

.;")3 1 3 Textile technologies 

5314 Instrumentation technologies , 

531 5 Mecli^'inical teclinologies 
• 5316 Nuclear technologies ■ 

5317 Construction and building 
technologies (carpentry, 
electrical work, phunbtng, 'sheet 
metal, air conditioning, lieating, 
etc.) . 

5399* Other, specify ^ 

I 



- 5400 NATURAL SCIENCE' 
TECHNOLOGIES 

Subject field designations which- cJiarac- 
terize^nidents, faculty, facilities,' de- 
i^eeySjjgf^ certificate programs, etc 
specifically associated with develop- 
ment of skills required for natural 
science related occupations at the 
semiprofessional level. Two years of 
preparation beyond high school are 
usually sufficient for entrance into 
these occupational fields. 

5401 Natural science technologies, 
general 

5402 Agriculture technologies 
(include horticulture) 

5403 Forestiy and wildlife 
technologies (include hsiicries) 

5404 Food sers'ices technologies ' ^ 

5405 Home econotuics technologies 

5406 Marine and oceanographic 
t>echnologies 

5407 Laboratory technologies, general 

5408 Sanitation and public !\eaUh 
inspection technologies 
(environmental health 
technologies ) 

5499 Other, specify 



5500 PUBLIC SERVICE REUTED 

: TECHNOLOGIES . 

/ 

Subject field designations which charac- 
' terize students, faculty, facilities, de- 
gree and certificate programs etc. 
specifically associated with develop- 
ment of skills required for public 
■service related occupations at the 
semiprofessional level. Two years of 
preparation beyond high school are 
usually sufficient for entrance into 
these occupational fields. 

5501 Public service techimlogies, 
general 

5502 Bible study or religion-related 
qccupatipn.s 

5503 Education technologies (teacher 
aide and 2-year teacher training 
programs ) ^ 

5*504 Lil)rary<' assistant technologies 

5505 Police, law enforcement, 
' ' corrections lechiujlogies 

5506 Recreation and social work 
■ related technologies' 

5507 ' rire control technology ■■ 
V08 Public administration and. 

management leclmf)logies 
5599 Other, specify 
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3. SPECIALTIES OF DOCTORAL DEGREES 



MATHEMATICS 

000' — Algebra 

010 — Analysis & Functional Analysis 

020 — Geometry 

030 — Logic 

040. — Number Theory 

050 — Probability, Math. Statistics 

(see also 544, 670, 725, 727, 920) 
060 — Topology 

080 — Computing Theory & Practice 
082 — Operations Research (see ako 478 ) 
085. — Applied Mathematics 

098 — Mathematics, General 

099 — Mathematics, Other* 

ASTRONOMY 

101 — Astronomy 

102 — Astrophysics 

PHYSICS 

110 — Atomic & Mokcular 
120 — Electromagnctism 
13Q — Mechanics 
13Z — Acoustics 
I34-_FluiiIs 
.135 — Plasfna 
136— ^Optifes 
138 — TheriThH^I 
140 — Elementary Particles 
150 — Nuclear Structure 
160 ~ Solid State , 

198 — Physics, General 

199 — Physics, Other* 



200- 
210- 
220- 
230- 
240- 
250- 
260- 
270- 
275- 
298 - 
299- 



301 - 
305- 
310- 
320- 
330- 
341 - 
350v. 
360- 
370- 
381'- 

m- 

383 - 
391- 

395- 
398 - 
399- 



400- 
410- 
415- 
420- 
430- 
435- 
437- 
440- 
445- 
450- 
455- 
460- 
465- 
470- 
475- 
476- 
478- 
479- 



CHEMISTRY 

— Analytical 

— Inorganic 

— Organic 

— Nuclear \ ■ 
-r Physical 

— Theoretical 

— Agricultural & Food 

— Pharmaceutical , 

— Polymer / 
-Chemistry, General 
-Chemistry, Other* 

,\ 

EARTH SCIENCES 

-Mineralogy, Petrology 
-Geochemistry 
^Stratigraphy, Sedimentation 
-Paleontology 
-Structural Geology 
-Geophysics (Solid Earth) 
-Geomorph., Glacial CJeology 

— Hydrology 
-Oceanography 

-Atmospheric Physics and Chemistry 
-Atmospheric Dynamics 
-Atmospheric Sciences, Other* 
-Applied Geol., Geol. Engr., 

Econ. Geol. 4l 
-Fuel Tech., Petrol. Engr. (see'Ti^ 479) 
-Earth Sciences, General 
-Earth Sciences, Other* 

ENGINEERING 

-Aeronautical & Astronautical 
-Agricultural 

— Biomedical 
-CivU 
-Chemical 

— Ceramic^ 

— Comfguter 
-Electrical ^ . 
-Electronics V 
-Industrial 
-Nucl^ 

— Engimrering Mechanics 

— Fngineerirtg Physics 
-Mechanical 

-Metallurgy & Phys. Met. Engr. 
-Sysjems Design, Syslems Science 
. Operations Research (see also 082) 
-Fuel Tech., Petrol. Engr. (see also 395) 



48oCrSanitary 
486 — Mining 

497 — Materials Science 

498 — Engineering, General 

499 — Engineering, Otljer* 

ENVIRONMENTAL SCIENCES 
589 — Environmental Sciences* 

^AGRICULTURAL SCIENCES 

500 — Agronomy * - 

501 — Ag^4tultural Economics 

502 — Animal Husbarldry 

503 — Food Science & Technology 

504 — Fish & Wildlife i 

505 — Forestry^^ 

506 — Horticulture^ 

507 — Soils & Soil Science 
510 — An[mal Sciences 
511 — Phytopathology ' 

. 518 — Agriculture, General 

519 — Agriculture, Other* 

MEDICAL SCIENCES . 

520 — Medicine it Surgery 

522 — Public Health • 

523 — Veterinary Medicine 
524 -:r Hospital Administration 
527 — Parasitology 

534 — Pathology ■ ► 

536 — Pharmacology 

537 — Pharmacy 

538 — Medical Sciences, General 

539 — Medical Sciences, Other* 

BIOLOGICAL SCIENCES 

540 — Biochemistry ' 

542 — Biophysics " 

544 — Biometrics, Biostatistics 

(see also 050, 670, 725, 727, 920) 

545 — Anatomy 

546 — Cytology 

547 — Embryology / 

548 — Immunology 
550 — Botany 

560 — Ecology 

562 — Hydrobiology 

564 — Microbiology & Bacteriology 

566 — Physiology, Animal 

567 — ■ Physiology, Plant 
569 -^Zoology 

570 — Genetics 

571 — Entomology 

572 — Molecular Biology 

576 — Nutrition and/or Dietetics 

578 — Biological Sciences, General 

579 — Biological Sciences, Other* 

PSYCHOLOGY 

600 — Clinical 

610 — Counseling & Guidance 

620 — Developmental & Gerontological 

630 — Educational 

635 — School Psychology 

641 — Experimental 

642 : — Comparative "> 

643 — Physiological 

650 — Industrial & Personnel 
660 — Personality 
670 — Psychometrics 

(see also 050, 544, 725, 727, 920) 
680 — Social 

698 — Psychology, General 

699 Psychology, Other* 

SOCIAL SCIENCES 



700 — 
708 — 
710 — 
720 — 
725 -^ 

727 — 

740 — 



Anthrop<5Iogy 
Communications* 
Sociology * ^ 
Economics (see also 501 ) 
Econometrics 

(see also 050. 544. 670, 727» 920) 
Statistics 

(see also 050. 544, 670, 725, 920) 
Geography 

• Identify 



745 — Area Studies* 

751 — Political Science - 

752 — Public Administration 
755 - — International Relations 
770 — Urban & Reg. Planning 

798 — Socift Sciences, General 

799 — Social Sciences, Other* 

ARTS & HUMANITIES 

801 —Art, Applied 
802 — Art, History & Criticism 
804 — History, American • 
fi05 — Hibtory, European , 

806 — History, Other* 

807 — History & Philosophy of Science 

808 — American Studies 
^830 — Musio f 

831 — Speech as a Dramatic Art 

(see also 885) 

832 -^Archeology 

833 — - Religion (see also 881) 

834 — Philosophy 

835 — Linguistics 

836 — Comparative Literature 

878 — Arts it Humanities, General 

879 — Arts it Humanities, Other* 

LANGUAGES & LITERATURE 



National Research Council, Summary Report 1976 Doctorat 
States Universities , March 1977. 
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811 — American 

812 — English 

821 — German 

822 — Russian 

823 — French 

824 — Spanish it Portuguese 

826 — Italian^ 

827 — Classical* 
829 — Other Languages* 

EDliijATION 

900 — Foundations: Social, Philosoph. 
910 — Educational Psychology 

908 — Elementary Educ, General 

909 — Secondary Educ, General 

918 — Highei- Education 

919 — Adult Educ it Extension Educ 
920— Educ Meas. &StaL ^ 
929 — Curriculum it Instruction 
930 — Educ Admin, it Superv. 
940 — Guid., Couns., it Student Pers. 
950 — Special Education 

(Gifted, Handicapped, etc) 
960 — Audio-Visual Media 

tEACHir5b FIELDS . 
970 — Agriculture Educ* 
972 — Art Educ 
974 — Business Educ* 
976 — English Educ 
978 — Foreign Languages Educ 
980 — Home Economics Educ 
982 — Industrial Arts Educi 
984 — Mathematics Educ 
986 — Music Educ 

988 ^ Phys. Ed., Health. & Recreation 

989 — Reading Education 

990 — Science Educ 

992 — Social Science Educ 

993 — Sprech Education 

994 — Vocational Educ 
996 — Other Teaching Fields* 

998 — Education, General 

999 — Education. Other* 

0THER PROFESSIOrfAL FIELDS 

88l«^ Theology (see also 833) 

882 — Busif^ess Administration 

883 — Hoi^e Econoftrics 
884 — Jourrtairsnrvv ,' . 

885 — SpcechAW^^Angi^ lences 

(see also 831.) ^' 

886 — Law, Jurisprudence 

887 — Social Work ^ 
891 — Library it Archival Science 
897 — Prc^fessipnal Field, Other* 

899 — OTHER FIELDS* 
the ipcci/tc Acid in the fpaoe provided on the queltionna/re. 

e Recipients From United 

f • 

J 



INDUSTRIAL CATEGaSIES ■ 

0 Industrial categories in nearly all c^ses are based on the taxonomy 
established in the, Standard Industrial Classification Manual ^issued 
by the Office of Management aAd Budget.* In Chapter II ^ Section G, 

1 industrial coding is discussed and a list of basic energy industries 
is provided.' The following are other examples of classifications 

of other "energy industries." 



1. .Indirect Energy Industries (as identified by Polk and associat 

e 

SIC , Industry. -. \ . 

Industrial chemicals 

Hea^ construction contractors except highway and stree 



es' 



281 
1623 
1629 
3293 
3317 
3433 
3443 
345 
3494 
3511 
3551 
3532 
3533 
3534 
3536 
3535 
3561 
3568 
3567 
3612 
3613 
3621 
3623 
3811 
3822 
7391 
8911 
8922 . 

9631 



anstructK 
Heavy constrilurtion, necv / 
Gaskets,^ pa^ckmgf and asbcstx>s[^insulation for boilers 
Oil country tubular goods ' 
Heating equipment, except electric . ^ 

Fabricated plate work (boiler shops) 
Screw machine products, etc. 
Pipe fittings, flange's dnd valves ^ 
Turbines and steam engines 
Construction equipment * 
Mining equipment * 
Oil field equipment 
Elevators and moving stairways 
Cranes and hoists 
Conveyors and conveying equipment 
Pumps and cfompressor;^ 

Mech^ical .power transmission equipment, nec. 

Industrial process furnapes and ovens 

Power, distribution, and specialty transformers 

Swit chgear * . - 

Moti>rs and generators 

Welding apparatus . 

Mechanical controls and instruments 

Automatic temperature controls 

Research and development laboratories ^ 

Architectural and engineering services 

{Noncommercial educatioQal, jscientific, and research 

organizations ^ ^. 
Regulatory agencies ' . 



6 ■ — • : : — ^ 

* Executive Office of the President, Office of Management and Budget, 
«i Standard Industrial"^ Classification Manual. 1972, j 



ERIC 



Hugh Folk, 0£. cit ., p*. 5, 
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Energy -Wl at ed Industries ' 



Bas'edydn the use of an input -output coeff f icient putpff of .01, 
the ^^llowing list of industries "related""' to each of several 
major energj' industries was prepared. 

COAL MINING 

Relate<^ Industries 

Coal raining ^ / ~ 

Crude petroleum and natural gas / 
Maintenance and repair' construction (all 'other) 
Industrial organic and inorg€Uiic chemicals 
Miscellaneous chemical products , * 

Petroleum refining and other jprodbcts f ^ ' 
Reclaimed 'rubber and miscellaneous rubber procfucts 
Blast furnaces and basic steel products ^ 
* Screw machine products and bolts, nuts, jcivets and washers 
Construction machinery it 
Mining machinery 
Railroads and related service$ 
Electric utilities . 
V/holesale trade 
Real estate 

Miscellaneous business services 
Miscellaneous professional services 

CRUDE PETROLEUM AND NATURAL GAS 



V 



A 



Relate^ Industries 
'Crude petroleum and natural ga^,^^^ 

Maintenance and repair construction ("all other) 
-^Industrial inorgcTnic "and organic chemicals ^ 
„ Blast furnaces and basic steel products ^ 

Electric .utilities 

Wholesale €rade ' 
, ' , ' Retail trade ' • 

Real estate % ' ' ^ 

Miscellaneous business services 
Miscellaneous professional services 
Transferred imports 

Business travel, entertainment and gifts 

. PETROLEUM REFINING AND RELATED TOODUCTS • 

Related Industries 
' Crude petroleum and natural gas ^ . * 

Maintenance and repair construction (all other) 
Ihdustrial inorganit and organic chemicals 
^ Petr.oleum refining and related products * 

* America!^ Society for Eiftgineering lEducation, A Proposed Plan for Edu - 
cation and Trainin/z: in Nonnuclear and Nuclear Energy Tecfijiologies , 
ERDA 7,6-1^33, February 1977.. \, ^ 
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PETROLEUM REFINING AND RELATED PROi)UCTS (continued) 

Blast furnaces and^ t^asic steel products 
.Motor fre.ight transportation and warehousing 
, Water transportation > ^ 

P;Lpeline transpoVtatrion 
. Electric"^utilities ^ 

Gas utilitie^\ 

Wholesale trade 

Banking . ^ 

' Real estate " 

(liscellaneous business services 

Advertising 

Miscellaneous professional services 
Transferred imports 

- f 

ELECTRIC UTILITIES 

*> > , 

Related Industries 

Coal Mining ^ ' . 

Crude petroleum and natural gas' 
Maintenance and repair construction (all other) 
Petroleum refining and related product*^ 
Railroads and related services 
Motor freight transport and warehousing 
^ ^Electric 'ut^^ties r 
Gas utilities ' 
Real estate 

Miscellaneous business services 

Federal electric utilities 

State and local electric /utilities 

GAS UTILITIES - 

Related Industries 

Crude petroleum and natural gas 

Maintenance and repair construction (all other) 
Gas utilities 
Real. estate 

Miscellaneous business services ^ 

Other state and local government enterp-rises 

Transferred imports 



\ 



, APPENDIX 

DATA SOURCES RELEVANT TO ENERGY ^ESEARCIT," 

DEVELOPMENT AND DEMONSTRATION 
\ MANPOWER 

. Table Of Contents 



ACE 1 - Junior Year Enrollment 
ANS 1 ~ Nuclear Employment Outlook 



BATL 1 




National Survey of Compensation Paid ' to SciejLtists and 
Engineers Engaged in Research and Development Activities ' 

'National Survey Professional, Administrative, Technical 
and Clerical Pay^PATC) . . 

Occupational Employment Statistics Survey 
Labor Turnover Rates 

Tabulations of Occupational and^LaborFq^ce Status Changes 
from 1965 to 1970 >^ 

Current Employment, Hours and Earnings Statistics 



BOM 1 ~ 



Mineral Facts anS Problems 



CENS 1 
7 

CENS 2 



CENS 3 



Annual Survey of School Enrollment (CPS) " 

(1) Census 6f Manufactures . > t 

(2) Annual Surv^' of Manufactures 

Current Population gepdrts - Series P-60 Mone^y Income in 
1975 of Families and Pet^ons in the U.S./ ' { 



CGS 1 - 



CPC 1 - 



^ Survey of Graduate Enrollment 

s, ' ■ , . ■■ • ' 

Annual purvey of Job Offers to College GracJ.uates. 



CFC^ 2 - Recruiting Activity Reports^ ' ' ' 

" "^J^ what employers planned t^o hire (December) v, . - . 

(b) ^hat employers actually hired (June) 

." ■ ■ . p ' ' ' 

* The data sources listed in this Appendix are, in general, arranged ^according 
to agency publishing the principal report; In a riumber of cases more than 
one agency is involved in a, survey or report. This is brought out in the " 
. description, of the dat^ source. . ' /. . * 
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DSE 1 - 

EMC 1 - 

EMC 2 - 

ERDilV 'l ~ , 



ERDA 2 - 



ERDA 3 - 



ERDA 4 - 



ERDA 5 - 



ERDA 6 - 



ERDA 7 - 



ERDA 8 - 



ERDA 9 " 



ETA 1 - 



ETA 2 



ETA 3 ~ 




ETA 4 - 



Engineer/Scientist Demaftd Index 

Professional Income of Engineers ^ 
Survey of Placement of Engineering Graduates 

Report of Contractor Hours and Earnings • 

Report of Contractor Employment and^ Turnover 

Nuclear 'Engineering ^Enrollments and Degrees 

Radiation Protection Enrollment Degree Survey 

Survey of Occupational Emplo^onent in Nuclear 
or Nuclear. Related Energy Activities ^ 

Nuclear-^felated Technician Manpower 

1 I, 

Industrial Training " 

Energy Related Technology Programs AACJC 



omparison of Compensation Paid Scientists ^and 
Engineers' in R&D 



mployment Service Applicants File 



Projecting Employment Requirements for Energy 
Development and Expansion in Federal Region VIII 

/Employment Service Job Openings 

(a) Job Bank Openings Summary - y 

(b) Occupations in Demand. ^ v 

(c) ^ Job Bank - Frequent^rly Listed Openihgs 



Apprenticeship Statistics • 



ICC lT"" Annual Reports of Interstate Carriers 




*INS 1 - 



KAI 1 - 
NCES I'V- 



3en^f iciaries of Occupational Preference. and other . \^ 
immigrants admitted,- by Occupation 



Manpower Projections, 1980 
Earned Degrees Con fe^d (H^GfST^/ 



B - 2 



■ S5 . 
0 



NSP 8 - 



' NSF 9 > - 

a 

NSF 10 - 



NSF. U - 
NSF 12' - 



NSF .14 - 
4 



Sf-iiHe^ts Enrolled for Advanced Degrees. (HEGIS) . 

Associate Degrees and Other Formal Awards 
BelOw/^the Baccalaureate (HEGIS) 

.upper Division Enrollment by Degree Field (HEGI,S) 
Survey of Recent^ College Graduates . . 

Survey of Earned Doctorates . * , , 

Survey of Doctoral Scientists and Engineers * 

Federal Funds for Research y Development and 
other -Scientific Activities 

Federal , R&D Funding by Function , . 

Energy R&D in Federal, Installations 
Research and Development^n Industry 

Research and Development in State -Government Agencies 

Expenditures fl)% Scientific Activities at Universities 
and Colleges _ 



NCES 3 • - 

NCES 4 - 

NCES 5 - 

NRC 1 - 

NRC ^2 - 

. NSF 1 ' - 

NSF 2 

NSF 3 . - 

NSF 4 - 

NSF 5 - 

NSF' --6 - 



NSF 7 - Federal Supp'ort of Research in Universities and 
. Non-profit Organizations . 

Research and Development Spending by Non-Profit 
0rgarii3ations " ' ^ 

\' ' '.. * ' 

National Patterns of R&D Resources: Funds and Manpower 

Federal Employment of /Scientific and Tdchni'cal Personnel 

Industrial Employment of Scientists and Engineers 

Scientists and Ehg^ineers Employ^ed by Universities 
and Collegers " , . 



NSF 13 - Graduate Scieacie Student Support and 'Post Doctorals 



f972 Profess ional . Technical and Scienti fie 
Ma'npower Survey ' (Pos t Censal Survey,) 



NSF Nat^o^l.- Sample of Scientists and Engineers 

NSF, 16 - Immigra Hon of Engioee;rs and Scientists' 



B - 



.NSF 17 . r -R&D in .Local GoveBnment 

• - . " • . • ^ ' 

' NSF 18 — • New Entrants Survey of Recent College Graduates. 

' NSF 19^ - . Immigrant .Scientists and Engineers , A Study of 

K ' Characteristics and Attitudes . * - v - 

NV7U ,1/;-^' • The Endacc:)tt Report: Trends ,in Employment of Cc5^11ege 
/ . ■ and University Graduates in Business and Industry 

• t . - ' ' ' " . . ' ^ 

. OECD 1" .International Measures of kesearch Development 

'ORNL 1 '-_ v Inventory of Energy Research' and- DevelppmenC > 

PSU 1 - Jhe Bituminous Coal ^industry.:. VA Forecast - 
■ .... Manpower-Government; Policy*^*- Technology' 

■ ■ ■ .' 

SMC r ~, Salaries of Scientists, \Engine'iers an^J Technicians' - 
A Summary of Salary Surveys 



UCAL 1-*- The American Freshman: NationaT^orms 



^ • _ . ACE I 

JUNIOR YEAR ENROLLMENT 

L^'ricy:'- American CouncM. oil Education for National Science Foundation 
, ALyJJL- Higher Education Panel . 

Description : ^ 

j * Con eent : Ope of the surveys conducted through the Higher Education Panel 
V (HEP) operated by the American Council on Education (ACE) for the National 

V y Science Foundation (NSF) . Survey was conducted iji January 1975 of enrollment 
in the junior year by field for Fall 1973 and Fall 1974. Data are classified 
by field and ■ type of institution control. ' i. 

Coverage, Survey Method, Sources Sample : The HEP was created in 1971 to . 

conduct quick-turnaround surveys on policy Issues in higher education. A 
- , -sample of 543 institutionsi (offering at least the baccalaureate) are included 
. in the Panel. Response rate was 91% fot this^' survey , Survey was conducted 

In 1972 and 1,97.3 also. ' ^ 

. . ■ . ■ I ■ 

Reference Date : Fall ^ . ^ ^ ^ 

Frequency : Pei^iodic. 



When Available : Several months after sur^y 



^. Classifications : Taxonomy of National Center for Education Statistics (NCES) 
. revised by NSF. * , . 

Forms and Rfepoyts : " ^Major Field Enrollment of Junior-Year Students, 1973 & 19 74. 

Evaluation Commentary : Surveys' provide a quick look at career ititerest at jui^tor 
' year period of college students and means o^ estimating future graduations by 

field. Survey will be conducted periodically upon experience of need by spon- 
^ sors. NCES survey of upper divisio-Q enrollment could affect such plans if 
. it is continued*. ' ^ " 
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-ANS 1 



NUCLEAR EMPLOYMENT OWTLOOK 



> 



Agency ; American Nuclear Society - 

n' • - 

Description: 

^ 



Content : Ahnual survey to * determine nuclear manpower demand for both ex- 
perienced a\Kl new graduating- students . Provides data by industry, education 
levels, functions to be^ performed (including R&D^ design teaching), salary 
medians for current i^nd" previous year. Separate data for technician hiring. 
Supplemental survey covers'' ANS members who are new graduates hired for full 
time employment (courses, salaries, employment) . 

Coverage, Survey Method, Sources, Sample : Cooperating organizat icfhs (50 
listed) in nuclear industry-mail questionnaire. 

Reference Date :. ^ Yoar i v' ' ' 

'Frequency : Annual ' • . 



Forms and Reports : Nuclear Emplo^M!^ent Outlook '75 . 

Evaluation Ccmimentary : This report useful'^as indicator of demand/supply trends. 
Uncertain as to proportion of coverage of industry. Student membership ques 
tionnaire apparently low in coverage of new graduates. 




i 
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^NATIONAL SURVEY OF COMPENSATION PAID TO SCIENTISTS AND ENGINEERS 
ENGAGED* IN RESEARCH AND DEVELOPMENT ACTIVITIES (ANNUAL SURVEY) ERDA-t6/157 

Agency : Battelie, Columbus Lafi^,, Co lumbus , Ohio, fo.r Industrial Relations ^Divi- 
sion, ERDA . - 

. . ^ f 

Description : • ^ , ^ 

Content : Annual survey, going back t;o late 194t) \s when it ^as conducted by 
Los Alamos Lab of the Atomic Energy Commission (AECK Battelie did its^.9th 
survey in 19 76. Monthly salary data are given for supervisory and nonsuper- 
visory scientists and engineers, by degree level, age, years gince bachelor's 
degree, type of' institutions (nonprofit research institutes, educational insti- 
tutions, contract research centers. Federal establishments, industry), and 
^ occupation (working-a30-<8 kinds of engineers ,' phys ic^ , chemistry, aitmospheric/ 
earth /marine/space scientists , agricultural /bio logical . scientists^ economis'ts , 
'Withematicians/statisticians ,. and computer scientists) . Also shows ra£as for 
1;echnicians in the establishments, and- percentage without de^r^es . v 

Goverager' Survey Method, Sources, Sampl^e : All establishments employing scien- 
ti.Sfts and engineers engaged in R&D universe of 7,617 establishments (1976 - 
survey) strat^;^^d by type (see above), size, and size of standard metropolitan 
statistical arAas in which located.^ Establishments with less than 40 scien- 
tists and engineers in R&D were, omitted . Sample "randomly" selected, but onl^ / 
304 of 802 es'tablishments contacted responded (9 of 61 educational institutions^ 
221 of' 595 industrial establishments,, etc.) so responses could be biased. Data 
are based on report on indV/iduals some filled out by individuals, some by 
their firms from records. / ^ . 

Battelie sends aa annual cShtracfe\report to ERDA discussing technical Irmita- 
tions and plans for technical improvement . 

Reference Date : 19 76 latest 

Frequenoy : Annual " ' 

Forms and Reports : Copies of the 2 forms/sed (employee and employer forms) an^ 
accompanying instructions are in^bji-e^of 1976 report- ' ^^^ 



Evaluation CoTnmentary - The low ra/te of response makes bias^ possible 
errors are calculated, assumijhg random selection, 



Sampl ing 



Data are dJLsplayed with meanA, medians, 10th, 25th, 75th and 90th percentiles, 
by age and years since first ilegree. The series may be valid as admeasure of 
trend even if level is subjeGX to bias. 

Differential response rate by Wpe of institution may also introduce bias, 
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BLS 1 

NATIONAL SURVEY DF PROFESSIONAL, ADMINISTRATIVE, 
— ^ , TECHNICAL, AND CLERICAL PAY (PATC) ^ 

Agency ; Bureau of Labor Statistics, U.S.. Department of Labor 

Unit : Office of Wages and Industrial Relations -.■.<.. 

Description ; V« ' -J - 

Content ; Shows average salaries and annual changes, in private industries, 
•'of 20 occupations at 82 work levels; includes sala'ry series for 8 levels ea9h . 
of Chemis,t and Engineer — 2 e^try and 6 worklevels — plus 5. levels of Engi- 
^ neering Technician. . 'Is used to equalize Federal pay levels to those of private 
industries, hence reflect3 levels (& tr.ends) directly of private, and indirectly 
of Federal, Chemists and Engineers. Trend data are also imputed to allied or 
similar o6cupations. Imputatriqns not shox^m in this publication, determined by 
"P£fe|ident's Pay.'Agent" — Directors of 01) Office of Man^ejnent and Budget 'and 
(2) ^ivil SiBrvlce Commission. • ' > 

( ' ' ^ • ■ ■ I ■ ■ ' 

CoveAage, Surjjay Method, Sources-, Samplef ^ 'Relates to establishments 
over ^givdn size in thp 48 conterminous United States (variable, e.g. " 
manufac\u'ring-over 250 employees;' services-over 100 employees). Strati- 
fied sample. of 3,000 establishments by industry for each relevant oc- 
cupation. , n^ta obtained by Bureau of Labor Statistics field economists 
through personal interview with personnel officers of establishments sampled . 

. ' Reference Date ; March . ^ 

Fr,equency ; Annual (17th as of 19<76) . 

When Available :y> October - ^ 

Forms and Reports ; * Na^^iohal Survey .of Prof essional. Administrative, Technical, and 
Clerical Pay, Ma7cli , 1976 ; U . S.. Department o^ Labor: Bureau of Labor .Stpti .gti r.c;/- 
Bulletin 193 1 , -^Washington, D.C. 1976. ^ . 

Evaluation Commentary ; Sampling errors relatively low (un^^r^ 4 percent for 70/ of 
82 work levels) and survey control and definition of job content and leveAare 
•ifigorous. L^els and trends shoyn for surveyed categories of chemists, engineers 
and technicians probably most authoritative; available and probably can be imr - 
puted to relafed occupations (most criticism relates to in\putation of private 
* industry responsibility levels to ' those of Fed'eral employees as well as inter- ^ 
occupatibnal imputations) . 'Although used in personnel practice to compare 
agency establishment pay rates for individual occupations with thaj of norm, 
adjustments, in Federal pay scales have in practslce been made for all occupation^ 
across the board with a single average percent p^y increase. D^ta shown in medi- 

and quartile detail may not reflect deviations in pay trends for specific 
subspprnalties and other variables, hat. Lliey uO arid|jare inLended to reflect pay 
responses by industry to imbalances in supply and demands Expansion of survey 
to include smaller . firms has been -tested (only a few occupations show significant 
changes in trend shown by regu^lar survey). Survey, is costly, but it is a re^ 
liable vehicle for precise pay data. Use of this survey for other scientist and 
engineer occupations and R&D furfctionsfshouid be considered if ' substantial ex- 
/ pansion in Federally supported^ energy R&D increases need for -more aarecise pay 
comparability, data. ^* • • 
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OCCUPATIONAL EI^LOYMENT STATISTICS SURVEY 



Agency ; Bureau Gf Labor' Statistic^s • and cooperating' State agencies 

Uni?t: Division of Occupational Outlook-- Of f ice of Employment Structure - | ^ 
and Txends . • ^ 

Description : 

Content : Survey of employment by occupation, .reporting, by employing estab- , 
lishment. Covers &lto'gether about 2000 occupations For scientific ^technical 
personnel occupations th^ number engaged in R&D i,s' collected, as w.ell as total 
employed. S.cientific technical personnel occupations include- 8 classes of 
. . engineers, \5 of draftsmen and technicians, 4 of physical scientists, 2 of math 
scientistsJ 1 life scientists, aad 1 of soc;ial scientists, and 17 craft 
occupation^. Each industry- is sent a special questionnaire with a standard 
^li&t of core occupations and a list of the occupations appropriate to that 
industry; the STP occupations are on the core list, 

Coverage, Survey Method, Sources, Sample : At present 40 states • participate, 
with a separate probability sample for each, stratified by size in each state; 
largest plants^ are included with \certainty . Over 70% response rate, varying 
up to 95% in^s^me states. Sample is drawn from universe of unemployment- 
ins urarvee- covered plants. Exclusions: self-employed. Federal Government , 
agriculture, and education. Health, Education, and Welfare has jurisdiction 
over education, but won't survey. Civil Service Commission publishes . 
Fed:^ral employment by occupation. (National Science Foundation'collectsl ' 
, employment of scientific technical personnel in colleges and universities.) * • 
To supplement the 40 states, BureaAi of Labor Statistics collects balance 
orf United States as a unit, on <iMt^Tact vith National Science Foundation. 
Sample for each s tdte^ designed Mj^^^ fo,r state 

plus ^3ome Standard Metropolitari Stot^^stical Areas'T2~'^ some states). 

In 40 states total sample is some 150,000' establishments; in remainder of 
United States about 10 , 000 . ^ ^ - 

Reference Date : Aprii^June. Survey phased in 3-year cycle: 1976, tfade 
and Federally regulate^i,ndustries; 1977 , manufacturing; 1978, all other 
, industries. 

. Frequency : Annual A • " ^ ' 

^ ^ ^ ^ / ^ ~7\" ' 

When Available : States haw^ data by end .o;f calendar 3fear, 

■ V. . . . ■ ■ ^. . ^ ■ ■ ■ 

Classifications : Standard Industrial Classification for industries; a 
hybrid occupational classification, major- groups same as Census detailed 
occupations close to Dictionary of Occupational Titles. 




Forms and Reports : 
of Methods. 



Program is described in Buteau kf Labor Statistics Handbook 
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j^:\BLS 2 (Cont'd) 



Evaluation Commentary ; Some large" states still missing from state-by-state 
^ program. Gaps:^(lr) no reason why the self-employed shouldn't be intluded 
(reported separately from employees, by occupation). We miss mostly selfx, 
^ employed engineers, etc.; (2) agriculture, education — not hiany scientific^ 
" and technical personnel missed, except in higher education, covered 'by . 

National Science Foundation survey, \ ^ * ' 

Reasonably fast schedule: National and State data available by end of 
calendar year; blown-up total estimates due to National Science Foundation* 
by April 15. Estimates f9r -National Science Foundation at 2-digit level 
only. With /?Q4-% response, probably' adequate to assure unbiased estimates — 
but this shoWd be reviewed industry' by industry and by size classes. 

Hybrid occupation classification may be close to the new standard occupa- 
tio^nal classification system .for scientific and technical Personnel occupa- 
tions. 

Sampling errors to be calculated for ev^ry estimate. National and State. 
Quality control in state; and national Bttreau of Labor .Statistics offices 
by ^erical and professional review. Computer-mechanized quality control, 
using standard deviation of the occupational ratio for the industry from the 
current survey; outliers are rejected. Original collection is by mail in 
some states, personal visit in others; in the latter, some states actually 
collect the data and matcb the job definitions on the questionnaire to those 
in the plant. For the Bureau of Labor Statistics plart of the survey, personal 
visits will- b^^made to 500-1000 plants, but some of the visits will be to 
secure cooperation, and the data will not be collected personally by the 
Bureau of Labor Statistics representatives in all cases. * 

Limitations: Confidentiality may restrict what can be published by industry 
for States; occupational comparability with Census and Current Pqpulation 
Survey will not be complete (35? error found in the latter two). 
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^ BLS 3. 

LABOR TURNOVER RATES 

^.Bureau of Labor Statistic^, U.S. Department of Labor 
■'^fflc^ of Manpower Structure and, Trends 



Ratefs of accession (new hires, other accessions) and separation 
^^ayoffs, other separations)', monthly for manufacturing industries 
^i^d^ foi?' selected mining and communication industries) . Data are pub- 
/f^Ji'^cil*! manufacturing, du^rable.^and nondurable goods industries, all 
'i^i'J^.ndard industrial classification industries, and selected 3- and 
"ustries. 




Survey Method, Sources, Sample ; Based on shuttle schedule 'reports 
'fied sample of establishments i Data ^ver\all employees and include 
rs^nel actions (hirings and separations) for the calendar mojith. 
alcilLation of rates is the midmonth employment estimate non^ally 
the Employment, Ho^urs and Earnings Survey, ^'rnover data ^re 
also'published for states and selected local areas. 

Reference Date: Cd^^n^ar month 



Frequency : . Monthly ' ' ^ ' 

\^en. Available : Month following reference month in press release, 2 to 3 months 
following in^ other Bureau of L^bor Statistics publications. 

. Classifications : Standard Industrial Classification System 

Forms and Reports : Data are collec^ted on Form DL 1219, and 'are reported in Monthly 
press release, "Labor Turnover in Manuf actur^g. " Data also., reported monthly 
iri Employment and Earnings and Monthly Lalyg^ Review (both publislhed by BLS). 

Evaluation Commentary : ^ Error not calculated. Substantial revisions are sometimes 
made in preliminary data published. Represents by far the most comprehensive 
and Targe^t^ample .survey of turnover in manufacturing. No occupational iden- 
tification is. made — data refer to "All Employees" — hence applicability to 
specific occupations is doubtful. Energy industries in manufacturing, and 
bituminous coal mining ca^n, however, be (identified . Utility of these data 
for assessing energy R&D manpower situation lies in providing a background of 
turnover patterns and trends for all employees (particularly in certain energy-, 
related manufacturing industries) against which to cotnpare other data on*^per-' 
sonnel patterns and trends for Department of Energy or other energy R&D manpower. 
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^ ^ BLS 4 " 

TABULATIONS OF OCCUPATlbNAL AND LABOR FORCE STATUS CHANGES 
^ , FROM 1965 TO 1970 , . 

Agency ; Bureau of Labor Statistics, U.S. Department o^f Labor 
Unit: Office of Occupational Structure aud Trends 

Description^ J , . ; 

Content : Data are from the 1970 Census of Population, in which there was a 
question on labor force statu^, place of residence and occupation- in 1965, 
which was asked of a 5-percent sample. ' ^General tablulations cor.paring 1965., 
and 1970 status and residence were published by the Bureau of the Ce^us 
in OccupationVnd Residence, in 1^65 , Sul5ject Regort No. PC(2)-7E, June 1973. 
IS^ecific changes for individual occupations were tabulated by Bureau Gff Labor 
J^tatistics using^ 3 percent of 'the populatrSu (3 one-percent Pulilic Use Samples) . 
Data shown for each occupation include status in 1965 classified by -status 
in 1970--not in labor force, dead, transferred to different occupation, or ^ 
employed in same occupation. (Those dead in 1970, and, of course,j not report- 

• ing to the Census," were estimated by applying to all persons \;g^s^ting them- 

^ selves to have ,been' iri an occupation in 1965, by age groups, ^inverse surviA/al 
rates" to estimate the additional number who wef'e in those Occupations in 1965 
but who had died by 1970.) ^ Data shown for each oceupatioA' (in separate tabu- 
lations available fij-om Bureau of Labor Statistics) also include status in 1970 
classified by status in 1965 — not in labor force, employed in 'a different occu- 
pation, or employed in the same occupation; These data are tabulated by sex. 

Coverage, Survey Method, Sources, Sample : The 3-percent sample ^is representa- 
tive of tljj^population enumerated in 1970. Sampling error is present especial- 
ly .for smaller occupations and when the data are classified by status and 
sex. The data can also be classified by age Vnd^Jl^her characteristics tabu- 
lated in the 1970 Census, but jrelative sampling error becomes so large ^as to 
make many -of the figures unusable for analysis. v 

Reference Date : 1965 and -1970 (April) ■ ' ' ' - 

. Frequency ; Has been -done only for thi's ' period ■ 

Forms and Reports : Data are presented in an artic/e by Dixie Sommers and Alan Eck, 
"Occupational Mobility in thj^e American Labor Force," Monthly . Labor Review , 
January 1977 , pp. 3-19. Additional tabulations are available on request to,,^ 
Bureau of Labor Statistics. f 

Evaluation Coimfientary : Principal deficiency is the inaccurate reporting of status 
ih 1965, ak well as ^aiJ^re to report occupation iifTthat year. It is estimated 
'that 'the Statistics overstate • transfers into) 1970 occupations by about 14 percent, 
on the average, and overstate all other en/rants to 1970 occupations by alj)out. 
6 percent. Full discussion in Bureau of the Census report Accuracy^ of Reporting r 
Work Status and. Occupation Five Years %kq , ^e^ovt E 15, No. 3, February 1970 
(unpublished). There are also errors in re|/6rting an^ coding 1970 occupation. 
Any error in the occupation reported for either 1965 or 1970 could affect' the 
measurement of mobility substantially , since mobility is a' cTiar^cte'ristic of . 

* a minority of worker's. y \ ^ . . 
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' BLS 5 

CURR^INT EMPLOYMENT,. HOURS AND EARNINGS . STATISTICS . 

Agency ; Bureau of Labor Statistics, U.S.' Departmeht of ^ Labor j 
tJnit : Office of Employment and Unemployment .Analysis 

Descriptidn . * - 

- , . ^ — •. 

Content : Monthly statistics on employment, av,erage weekly hours, average 
week-ly earnings and average hourly earnings for employees in nonagricultural 

Establishments. Data published 'for over 400 ' individual industries at a national 
evel. Employment of all workers and of production or nonsupervisory workers 
is reported for each industry. Employment by sex is published quarterly.-. Data 
for States and 220 metropolitan areas is published by the cooperating St^te 
agencies in somewD^t less industrial detail. •» \ ^ 

Coverage, Survey Method, Sources, Sample :' All nonagricultural establishments 
^are hovered. Excluded groups of workers are the self~employ-ed , domestic 
workers, unpaid family 'workers, and those working in agr:ycultare . Reporting 
sample is 158,000 establishments with 31 million employees. Mail questionnaire 
is returned monthly to State agency which compiles State and local estimates 
and sends individual establishment data to Bureau of Labor Statistics for com- 
pilation of national Estimates. Monthly employment charrge is,estimated by par- 
cent change shown by firms^ reporting in current and previous /honths ; t'hese 
changes are used to carry fborard an estimate of total employment in each 
J.ndust_ry made annually from unemployment insurance tax reports and other sources. 

Re^erence\pate : Week including the 12th of- each month ' ► 

Frequency : \ Monthly \^ ^ ' 

When Available ; First week of following month ' 

Classif icatiotls : Standard Industrial Classification . ' /, 

Forms and Report^ : National data in full detail and State data by broad industry 
groups .ate^ reported monthly in BLS repor^t Employment and ' Earnings . State and. 
Ideal datj^Vare published more fully by State , agencies.. Historical data (im- 
portant because all figures are subject to T^evisiOn up to 2^2; years ^fter pub-' 

lication) are published in Ejiyloyment and Earnings:. United States (Bullejiinr- ; 

130.2) -'and dn Etfiployment ,and 'Earnings : States and Areas (Bulletin 1370) which ' 
are reissued annually. ' . \ " ' . ^ 

Evaluation Commentary : Current issues of^ Ehiplbyment and Earnings >have technical 
notes showing average errors in thfe estimates for industries of different size 
groups~e.g., average for industries of 100,000 employees is 2.7 percent. Hours 
reported are hours paid for , -not hours worked (i.e. , ^include vacation and holi- 
day flours) and hourly earnings are estimated on this'basis. Workers with ^ 
more than one job who appear -on more than one payroll are counted more than 
once; this duplication is estimated at about 3 percent in nonagricultural 
employment , " 



, i BOM 1 

MINER.\L FAdTS AND' PROBLEMS ^ j 

Agency : U.S. Department of the Interior ! 
Unit : - BiHreau of Mines ^ • . 

Des cription; • . . ' ' ' 

* ♦ 

Content :. An annual compilation (1975 ^^dition was the 5th) of inform^ftion on 
minerals and the -mining industry.- The 1975 edition (a Bicentennial volume)' ^ 
contains information on world and U.S. reserves and resources, U.S. and world, 
piineral productipu capacities including estimates for 1980, locations and 
capacities of s/melters for copper, lead, zinc, and aluminum, recycling, dia- 
grams for majoiN^commodities, and projections of minerals in the U.S. economy 
to the year 2000< Separate chapters are available on practically all minerals 
including anthracite and bituminous coal , <^etroleum, natural gas and uranium: 

Coverage, Survey Method, Sources, Sample : Data obtained through standard 
statistical series of the Bureau of Mines and other sources. The data base 
for the^long-term forecasts is 1973. V. . i 

Reference Date : Annual 

Frequency : Annual ' • ' 

Classifications : Bureau of Mines 

Forms and Reports : Mineral Facts and Problems, 1975 Editio n, Bureau of Mines 
Bulletin .667. Data are collected through standard BOM surveys. 

Evaluation Commentary : This is the standard reference work on mineral commoditi^ 
in the U.S. and abroad. 



. . ANNUAL Survey pF school enrollment (cfs) 

Agency ; Census Bureau, U.S. Department of Commerce ' / . • 

. Unit ; Population Division 

". . . * ■ • ^ ' ' ■ 

Description : . ^ 

J Content : Whether or not each person is enrolled in a school (separate data 

for- colleges) , classified by age, sex, color or ethnicity, family -Income level, 
marital status, tyfe of area in which ^living (metrbpolitan or other) , level : 
' and ^control of school " (public/private) , years of - school completes, year of 
college-in which enrolled, type of college (2-year and 4-year) , and whether 
attending full-time. ^ 

Coverage, Survey Method,-^ Sources, Sample ; Survey is^ made '-^e very October by 
addfng questions on enrollment to^the regular monthly Current Population Survey 
of employment and unemployment. Sample is (as of 1977) about» 56,000 house- 
holds nationally and the school enrollment questions are ateked^ about every 
member of the household over 3 years of age. Data^ on whether enrolled can be 
/ tabulated by any other characteristic collected in the survey that^j^plies to 
the individual .or to the whole family. - ^ 

Reference Date: October . ^ 



Frequency : Annual 



When Available : Preliminary report about 8 months later, final report 
about 1 year. ^ " J ' 

Forms and Reports : ' Repj^rts are designated series P-20. ' ^'s - ^ ^ 

E valuation Commentary : Sample is adequate for demographic analysis of school and 
college attendance rates by demographic groups. Report is bag"ed on information 
from a responsible member of the household, not necessarily the student, 
so information on characteristics of schools or course of study (occasionally 
asked) may not be fully accurate. "School" as> defined excludes "special" 
schools, defined as those not in the regular school system, such as trade 
schools or business colleges, but the report tabulates the numbers enrolled 
in such schools (over 1 million persotis) by age, sex, color and whether they 
ai'ti high school gracIuaLes. . 



CENS 2 

(1) CENSUS OF MANUFACTURES 

(2) ANNUAL SURVEY OF MANUFACTURES 



Agency ; Censlis Bureau, U^S». Department of Co 
Unit ; Industry. Division- 



mmerce 



Description ; 



Content ; General data ^y 'industry (energy-related industries can be identified) 
on; .all employees, production workers, manhours, payroll, cost of materials, 
vlhlue added, value of shipments , capital .expenditures , inventories. Also 
includes .special data on supplemental labor^ costs, and ad hoc data oh energy 

. such as^:"F^eIs and Electric Energy Consumed*' (1974). Data available by state. 

' Related .data are collected in Census of Mineral Industries. 

" ■ •■ ^ . • _ . ^ ^' 

Coverage, . Survey Methfed, Sources, Sample : Complete census is conducted every 
five years; annual surveys represent sample survey extensions .> ;-SaTnple includes 
70,0Q0 manufacturing establishments of a universe of 300,00jC% Scope, coverage, 
survey methdds are described in detail in regular survey re{i5rts. ^ 
* , ■ * t 

Reference Date : Calendar year ; , - 

Frequency ; Annual (full, census ia quinque'nnial) * . 

•1 * 

When Available ; About l^^.^years after reference year 

Forms and Reports : Reported in chapter preprint bulletins^' and consolidated 

bulletins under survey title ( Annual Survey of Manufactures , r974 , etc.) 
Survey forms are reproduced in most bulletins. . ' ;\ 



Evaluation Commentary : Standard errors ^re calculated and Mown for most esti- 
^ mat^s. Sample d^i-gn aYitd ^coverage and survey techpiqueg regarded as^'-high 
quality. ^ Identification of eiiergy R&D ox of occupations is not made in this^ 
survey and r\pt conWdered feasible. Value of <^e data for energy manpower 
analysis is indirect, relating to composition and level of economic activity 



of energy industries, fuel' consumption by fuel source all industries, 

stafe and regional concentrations, labor cbs^ts and Sim'n'Iar ' economic- backe 



s 

data 



kground 
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C^NS 3 . ' 

^ \ ' ' ' ' ■* ' 

CURRENT 'population REPORTS - SERIES .P-6'0 
/..'/.MONEY INCOME IN 1975 OF FAMILIES AND PERSONS IN THE U.S. 

, •* 
Agency ; > Ceng us Bureau, U.S. Department of Commerce- ' • ^ 
Unit VFamJlly and Individual Income Statistics Branch 'f?^ 

Descriptio^a^ * . 



Content : Annual income of families and individuals, by incc^ . class interval,- 
^. according to a_yariety of personal, family and vcrork characteristics, the * 

most relevarrt being occupation and industry of longest job di^ring the reference 
year. Occupations include broad categories ("pro.fessional , technical and 
kindred workers") with ^ome ^'furt;^or detail added io^ recefit years ("engineers,- 
technical") and consideration -being given to identifying some -additional 
detail s)uch as "scientists and mathematicians." > ^ ' / ' 

- Coverage, Survey Method, Sources, Sampl^ Use^ Current Population Survey v*^ • 

sample of .the population . Approximately 50,000 households are interviewed, 
with the. income queries asked each Marct) . - 

Reference Date ;' 1975 (Latest) ' . '^-^ " \ \' 

_ Frequency ; Annual ' o r A ' 

When Av^±rable : • About March of 2nd 'iyear after reference year * 

. Classif icatio,ns ; Census Occup^ation and Stanciard Industrial Classification 

Forms and Reports : Censtis Bureau P-60 Series Current Population , Reports on < 
Consumer^ Income - Money Income in'(^ear) ,of Families and^ P^sons in the 
United States. . ' . \, . . 

Evaluation Commentary : Although some additional pccupational detail is fee.ing 
considered and provided on professional, technical and kindred Workers to, 
' identify scientists and engineers, specific identification of sdientist and 
engineer specialties, or o"f energy R&D af filiation, .,doeg not seeri feasible 
given the sample size of the' survey. I4ain use of these data is to depic^t /; * 
income status (both level and trend) of scientists and engineers as^a class 
compared to ^11 other occupational categories, "^ch data* would be suggestive 
Qf the sacio-^conomic status of scientists * and engine^'s and of changes that 
may be taking place in their relative position. '* 



Most of^the estimates show rigorously defined r angles ''of sta-txs.tidal error, 
to giiide interpret^^tion- of the data. ^ ^ . ^ " ' 



> 
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. ' ,^ ' SURVEY OF Graduate ENROLLMENT i> ^ " ^ . / 

> • <;-u ' ^ " * . • . 

Agendy; t!ouncil of Graduate Schools (CGS) /Graduate Record'^Vfexaminations Board " 
, (GRERj \. • . ' ^'^ ' ^" , . ^ 

■ .• ■ --^ " • ■ ■ ^ ^'^ ^ ^, 

* Desc .riptiojt; . ' \ • \ * ■ ' ■ - . 

. / * Content ; > For aS^out ' 5 years the ^'Council' o*. Graduate Schools/Gin^duate Record 
•. ^ Examinations Board have been conducting a two~phase" survey - of 'graduate ^ 
• erirollmetts ^ The first phase obtains fi;oin CGS ineinbe;:s^broad: ^data . on total 
^ ■ and,. 1st *time graduate enrollment by size of. institytM)'i^ and cantral," and level * 
^ . Also.^collected ar& data on, Applicants fb^r gj-adusate study 'and on " 

' .. ■ \researctT/ asisistants- arjcl 'fellows. The second .phase an addition obtains^ data, 

on enrollinent^s by broad fiel'd (including -the physical, social' and biological, - 
sciences-^- and -engineering) by sex and by ethnic group'. 



Coverage^ Survey M^thod,^ Sources , Sample ;- Mail qilegtionAaires used .for the 
'two- p-has^es.^ The universe of 3^4 (GGS memiDers) ins^tutipns grant either l^he 

°^ doctorate degrees i .The fir^t waVfe^is mailed iri ea^rjy fall: with 
respons^^req-uesteid by'November 1 The secdnd" phas^' i^s^ -mailed the f^lowlng 
spring^with response by mid-^October . ' Respopse to the .l'97§-7), survey was''91% 
fet the ^irst wave and 85% for the second. - The CQS^membegphip aw^ards' 99% of 
db^ctorgt^e^'' and 85% of masters, granted . , v . -'r ! ^ '.^ . y . \ \ 



Re'fgrence Dat$ :- Academic ,year 



Frequency : Annual . ' ^' . ^ ^ " . 

S^' ^ert A-wj ft'iU:able: * See -above ' ' '-^ - • ' ' 

' ^Cla^srifi.bations :' CGS fields and Tevels (stancjai-d) \ ' - • ^ . 

" Torms >.and. -Report_s' : Fall and spring ..release of data s^ie releases' .o/ GREB . 

• • X [ ^ . ' f ^ " * 

' Eval.uatiQii^^mmentary : A modest survey collecting few dat&;* response is high^. 
: • and 'data^^are released quicfcly'. Detail by field, is poor as only broad areas 
-ere epri^kot^d: All'in all .a good' collection 'of information. ■ ■ - 

■" " \ ■ " ' ' ' ■ ' " ' ■• \ ' : r ■ - . • ' ■ " ' ■'^ 
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ANNUAL SURVEY OF JOB OFFERS TO COLLEGE GRADUATES 
■Agenci^: ^llege Placement Council, Bethlehem, Pennsylvania ' ' 

Pes crip tion : / * . . . 

Content: Annual report on number of job offers made and salaries offered 
to graduates in each-field. Occupations : the major engineering specialties,' 
agricultural, science, chemists, mathemat-dcians, computer scientists, biological 
scientists,, physicists^d earth scientists, also business,, accounting, 'humani- 
ties and social sci^tists. Degree levels : all 3 degree Idvels are "tabulated 
separately, but with fewer fields at the higher levels. Salary data repo rted- 
average for earch occupation at each degree level, and the 80% range. Typfes ~ 
o^ Indus tries : ^^16' indus t ries , government, non-profit. (Teaching jobs^ar^not 
covered because oth(!|> organizations collect 'this .«) ^' 

Coverage, 'S urvey Method, SouTceg-, Sample : Reports from 160 school^. Job 
offers reported .are actual offers, made to individuals, not-a generk count of 
the num^eremployers wquld like to h'ire. They contain'^ duplication , ^« ince . an 

J^^^^^''^"-^''^ "ift^^e t|Tari. bne firm offer,- and a comp^^^iy^may h>ave to make 
S*?^^^^^-* ■ ^- ' Las'&^ear the Cbllege Placemeri't Council- " 

aiCl<^|P^^.£o >£ind oyt -how,, much duplication there was. It depended on the f 
^emari^upply situation in individual fields,. Was as low as 1:1,5 in some 
occupations. TKis y^ar it's more competitive.^ • ' ' ^ 



■ Reference Date : SpriVi| 

I- 

Frequency : Annual 

Forms and Reports : Annual report costs $35', f"^- ' ^ 

Evaluation Commentary : With the TG?tial. sample, unknown amounts of duplication 
^ and incomplete reporting even for the ,schoo-ls sending .in reports (neither the 
students nor the companies report all offers) the data are no more than a straw 
in the wind. Trends in salaries offered may be more useful than" numbers.-ot 
offers What s reflected is the large-employer campus recruiting, and therefore 
small firms demand and the job-hunting that students do themselves off campus 
are not reflected. In the humanities and social Sciences where on-oampus" re- - 
cruitmg is not prevalent, the data don't .mean much. ' " ► - - 



« 
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. •■ • * ^ • RECRUITING ACTIVITY REPORTS 

(a) WHAT EMPLOYERS PLAN TO HIRE (DECEMBER) ^ - . ' 

(b) WHAT EMPLOYERS ACTUALLY HIRED (JU^E) 

Agency c Coll(^ge Placement Council, Bethlehem, Pa. * . * • ' 

Pes cr ipt ion : i , . ■ ■ 

• Content: r "December'' report' (a) number of persons employers expect to h irg 
in the -4 major groups - engineering,"science, math and o-ther technical * 
•fields, business and other nontechnical fields. (Also a category of hires 
for A^hich thec^ discipline or major is not a consideration, as for example,- 
insurance sales.).* Tabulated by industry sector. Employers report on t\\e\/ - , 
form the comparable figure for last year, and all analysis is in terms of 
the year- to-yea«: percentage change. - . ^ 

"June" repor^(b) number actual ly h ir.ed , 'compared to number hired liast '^ye^r. ^ 
Same classification of occupations and types of employers. . 

- Coverage, Suruey ^Method , Sources, Sample : ^0 employ ersi;:eport; Civil Service 
Commission gives good Average of Federal government; b^/Tt state and locfil 
governments are weak. Industries other than manufacturing, transportation 
and utilities are. weak. • * ■ 

Reference Date : De,^mber and June , , ^ ^ 

Treq uency : Annual 1^ ^ ^.^ ' ^' 

Forms and Reports : Reports -cost ^' 

Evaluation Commentary : The sample is probably strong in ^ome settor^, weak in. ^ 
others, and so what we have is difficult to evalifete. The collection of 
year-ago ^ dat a on the same form assures an accurate comparison of the percentage 
change, but the reporter^ in December and June are "usually not entirely^the 
same. (A recent test of a matched group of reporters in December and June 
showed little difference from the compariso.n than was found, in the unmatched 
• totals .) ' ' ' ''v ' .a- . ■ ' 
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ENGINEER/SCIENTIST DEMAND INDEX ■ 
Agency: Deutsch^, Shea and Evans, 49-^^sl:. . 53rd Stj^eet New. York, New Yo^ 
Description : ' - * 

Content: Consists a three part, index indicating , the level o£ recruitment, 
activities foi- engineers, and scientists. One part is classified advertising 
from 15-20 newspapers in each of four geograph ical areas (Sunday classified 
ads for degreed persons); second part is display ads in all issues of news- 
papers;- third is the number of ad pages in technical journals. The index has 
been issued monthly since 1961. 'Current base is average for 1961 = 100. 

^ C overage, Survey Me tho». Sources, Sample : See above. Part one is weighted 
for 50% of the overa^ll index; second part is .25%; and 'third, 25%V Newspapers 
count ads in terms .of agate lines' for parts 1 and 2. 

Reference Date : Each mpnth " . . ' 

Frequenc y: Monthly 

■ When ' Av^/iable : Following month 



Forms and Reports : None—corresponding media furnish most dat^—staff oversee 
operation — a monthly release issued. • . ^ ^ 

■' , * - 

■Evaluation Commentary: 'The index can be viewed as a confirming indicato/of ■ the 
fluctuations in the levels of 'recruitment activity. The collectiori organiza- 
tion' (Deutsch, Shea and Evans) is a management consulting firm. There is no 
■ claim for the activity being a statistically valid sample. Recruitment aaver- 
tising must be for degreed personnel and appear legitimate (no institutional 
ads per se are included). Though no details are provided by occupations, the 
overall index does provide a me<^^ure of the "level of demand". 



PROFESSIONAL I NGOi^E OF ENGINEERS ... •. ^. . 

Agency : Engineering Manpower Commission (EMC) '''^i^^^K 

w ' ".-^^ . ■ • 

Description ; ' ^ * ' *" 

/ ■ -" i " 

Content : The 1976 survey was the twelfth in a series of collections made 
since 1963. ^ong the data collected are annual salaries of - engineers by 
•years of experience after degree, by supervisory and nonsupervisory positions, 
by level of degree (B.S., M.S. and Ph . D . ) , and'' by industry. The maig survey 
covers employees in the major sectors of the economy with a special survey 
covering most engineering schools. 

Coverage, Survey Method , Sources , Sample ^: The 1976 survey data were obtained 
between May 'and June of that year.' Employers are"requested to supply annual 
salaries of engineers in their employ. The total number of respondents was 
906 in 1976 covering 163,000 engineers (about 15% of the total) of whom 531 
^ ■ "S^^ private industry,. 364 in education, and 7T in government. The Engi- 
, ^ neering "Commission' tries for a ^Vepreseritative coverage of industries,** but 
this is not a statistically val/d sample. 

Reference Date: Annual V - 



■ Frequency : Biennial * • 

When Available : 6 months after, collection ^ . 

Classifications: 'EMC definitions and classif icationsx ^ 

~: ^ / . •■ 

Forms dnd Reports : Professional Income of Engineers, 1976, EMC' Questionnaire is 
included in report. ^ • , ^ ' 

«■ * ' / . • 

Evaluation Commentary : This survey collects very useful information on salaries 
paid . to engineeriYig graduates by employers in the several sectors o^f the 
. economy. However, other than for almost complete coverage of engineejjting 
schools,' the respondents do not represent* a statistical sample of universe 
.in any .sector. About 15% of all engineers are covered. 



\ 
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\y' ' . r;' SURVEY OF PLACEMENT OF ENGINEERING GRADUATES 



Agency : Engineering Manpower Commission of the Engineers Joint Council 
Description : 



Iff 



^ Contentj , Employment status of each year's engineering and 4-year engi- ^ 
•heering?g?echnology (associate degree) graduates, by field' and level of 
degr>ee. Graduates are classified as^employed (those In new jobs and 
those returning to jobs previously h/eld) , entering full-time graduate 
study, entering military service, still considering offers of employment, ' 
those with no employment offers or ofei}.er plans (seeking employment sepa- 
rated, frpm-jiot seeking- employment^., those with other plans (such as foreisn 
students returning home), and those for whom no information was available" 

' Coverage, Survey Method, Sources, Sample : Survey covers about 172 engi- 
neering schools and 207 schools offering engineering technology (associate 
degrees) or t^achelor of technology ' degrees . Information is Obtained from 
an official\of each school in the late Spring of each^eSi^. Schools ac- 
^ credited by the Engineers' Council for ^ Prof essiohal ^Development and some 
not so accredited ^are included, a-nd separate placement figures are shown 
for:the graduates of each. . ^ ^ 

Reference Date : Spring of each year ' ' ^ /T.V. 

Frequency : Annual ^ ' / / 



When Available : End of year ' • / ■ ^ 

Forms and Reports : The. latest report. i^ Prospects of Engineering and Technology 
Graduates, 1976, NewiYork, EMC, 1977 . Questionnaire is reproduced at the bac 
of the report. ? W 

Evaluation Commentary : Accurate information on 'he. exact status of graduates 
is not always available to pfficials of schools, some of whom do a better 
|ob thai) others in keeping in touch with new graduates. "No information" 
IS reported on from about 10 to over 20 percent .of the graduates at various 
degree levels in 1976, and the information on the others is not always ac- 
curate. Nevertheless the trends. in the labor market are picked up by the 
survey' — which showed the proportion of bachelors' degree graduates with 
no job offers or plans (and not entering graduate school or military service) 
rising from less than 1 percent in 1969 to 14 percent in 1976'." 



t 
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J . ERDA 1 • • 

. ' REPORT OF CO^RACTOR HOURS AND EARNINGS (ERDA) 

Agency : /Energy Research and Development Administrairion (ERDA) ' . 

Unit: Division of rLabor Relations - * 

, _ f? -k " . ■ 
Description : * 

Content : 'Includes employment, payroll, and^man hours worked (for. non- 



professionals) by production apd related; clerical and' related; technicians;- 
executive, admi^nistrative, professionals; -scientists and engineers. 

Coverage, Survey Method, Sources,.. S'ample : Coverage includes, Gpvernment~0\^7rmd , 
Contract-Operated (GOCO's) facilities (approximately 60),. jComplete coverage.^^ 
Reports, are filled with ERDA field offices whi^h check them and forward\to. 
headquarters. Approximately 100,000 employed GOCO's.^ - " ' 

Reference Date : Pay periods include 12th^of March afad September 

Frequency r Semi-annual ^ / * 

. When Available : Available in headquarters by mid-month following 



Classifications : Generally compat ib],^ with BLS-790, employment .and payroll 
reporting. 



Forms and Reports : Data collected on . AEC-SAl^-summarized in Division of Labor 

Relations — See Contractor Statistics . ' < ♦ ' • . • '\ 

.•• ^ •, - ■ ■ 7\ ' 

Evaluation Commentary : The 60. GOCO's covered include about 100^000 employees, / 
about half of which are s^ier^fic and technicaT. Sexq^-annual coverage pro- / 
y vides periodic updates for nu^e^r energy 9^pported>'by "government . ' Insuf- 
ficient detail on occupations , -however, as well as type of activity, i.e., 
R&D, etc. ' j ^ . ' ^ .y 



Related to Bureau of Labor Statistic annual silrvey of empl(^jMfent ioi nuclear* 
energy industry, including private utilities, constructio/% design, R&D, 
etc. with about double GOCO coverage. 



/ 
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ERDA 2 

REP,ORT OF CONTRACTOR EMPLOYMENT AND TURNOVER (AEC-252), 

Agency: Energy Research and De^;elopInent Administration (ERDA) ■ • ' 

Un_it: Division of Labor Relations . ^ - > • 

- _ r . ,. . . 4) ' ■ •. ■. ■ 

Desctiption ; ' \ 

^ontent: Separate male/female, individual contractor, minorities- emplpyment 
by occupation category (i.e., prof ess.io>ials, technician^, etc.) at beginning 
of period; .separations" by type, accessions," and employment at end "of period- 
promotions-. — , • . r- , 

gverage, Surrey Mettlod^ ^^^P"^^'- Coverage ijicludes all Government^ 

Ox^ed, Contractor-OperatXd ^CO) ^establishments-^approximately 60. Datfe . 
^°l|f^^^^^ by ERDA- field- off:Lces, checked and. forwarded t.o headquarters. 

. Reference Date :. 6 months, calendar year , v 



frequency : Semi-annual 



I 



fomis/'and Reports : Data -summarized by' ERDA Labor Relations Division" and distributed 
■ m Contractor St-atistics . Industrial Relations. ' , , 

Evaluation Cgmmentary: E;fnploymeint data ^for GOCO's by category.— no, detailed- • 
occupations— detail, on minorities employment^. Will need more' oc'cdpational 
detail (electrical engineers, physicists, chemists, etc.) for RDffo. uses 
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' • . ERDA 3 . • . > " 

, NUCLEAR ENGINEERING ENROLLMENTSi AND. DEGREES, 19 75 ' ' - ' ■^■j 

Agenqy ; Energy Research and Development Administration ( ERDA) V 

I/ki^:' Office^ of University Programs/Manpower Assessment Office 

Description: . . . * . 



Content Fifth survey of all iristitutions 'offering degrees and options'^'in 

nudle^r ^nginee^ing-^ Includes undergraduate and graduate enrjpllment by . 
. full-time'^ and part-time status (al^so by year for undergraduates) , degree 
; granted by level, curriculum or option (nuclear, electrical-, etc.)^', race, sex, 

and citizenship. Supplement covers postgraduate education and employment 

plans. Selected data from primary s.uryey shown by School. 
• • ■ 

Coverage, Sur^v Method, Sources, Sample ; Sixty^f-nine institutions covered 
in 1975, butTHHife^coverage varies by year as schools, 'add or drop curriculums 
and options. " Mail q'uestionjiaire^ is sent to ^^^chools". 1975 report^liows data 
for all schools covered and control universe '.for reporting all five years. ' 
Survey is conducted by Oak Ridge Associated Universities for ERDA. 



\ Reference Date : Academic year ■ \ 

Preqyency : Annual . . - s, 

■ When Available : Year after survey (1975 report released July, 1976) .''' 

Classifications : ERDA energy curriculum options. " ' 

Forms and Reports ^/ Questionnaire is in^cluded in report. Copies' o^f 'previous 
survey reports available from ERDA. ' , ' ^ 

" Evaluation Commentary : ' Probs^ly almost complete coverage of one selected area 
of energy education — nuclear engineering.^ Response appears to be^ good; 

; *^ however, response varies as. schools ad'd.or delete option or curriculum. Names 
' of rfeporti^ng schools are published in report; therefore, schools ot other 
interested, parties can aliow f^ exclusions and fill in for what is missing. 
Main liq[5itation is lack of coverage of non-nuclear energy optlorfs. 

... ■• .-^^ , -'A . ■• - . ■ 
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. " ERDA 4 

- RADIATION^PROTECTION ENROLLMENT AND" DEGREE SURVEY 
• • • . - ■* -. 

Agency ; Energy Research, and Development Administration (ERDA) 

Unit: 'Office of University Programs/Manpower Assessment Office 



Description ^ 

Content : Includes ^11 or part-time enrollment by level (undergradua^te, . 
master, doctorate) i>t* Fall . 1975, and.degrees granted (bachelor , master ^ 
doctorate) July 1974-June 1975 by program option. Minorities and womeA 
separately identified. Supplement provides intormation on employment 
of graduates by type and degree level. ;~ • ' 

Coverage, Survey Method, Sources,^ Sample :- 1975 survey covers 58 institutions 
offering education programs in fields of radiation protection such as health 
. ^physios, radiation health and safety, radiological health, and similar. Con~\ 
ducted by Oak Ridge Associated Universities for ERDA. 1975 survey concluded 
-n October 1975 — returns due 11/10/75. • . ^ , • . 

. Reference Date: Fall 1975 for enrollments; academic year .1^74-5 for' degrees'/ 
Frequency : Annual 

When Availabl,e : ^^5 report dated July' 1976. 



Classifications : Non^staVidard \ ^- 

" -> ' * ' * ^- - 

Forms and Reports : Schedule included on page 51 "f. of Radiation,^Proteetion Enroll- 
ment.S and Degrees, 19 75 . ^ ~~ 

Evaluation Commentary : Coverage appears . complete alth-ough ' not all items reported, ' 
e.g., minority enrollments* [ . -V * ■ ' 



19 75 survey is 5th annual survey. 



Npt clear /how pany graduates become employed in RD&D ac,tivities in energy, • 
but data provided on placement Df^ graduates i«n government, academic institu- 
tions, coco's^ and industry. 
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• . ERDA 5 ^ , 

SURVEY OF OCCUPATIONAL EMPLOYMENT IN NUCLEAR • . . " 

OR NUCLEAR RELATED ENERGY ACTIVITIES Ij, . 

Agency : Bureau of Labor Statistics (BLS) for ERDA . . * 
Unit: Division, of Manpower and Occupational Outlook 

Description : ' ~ / 

^ . . .... . , ^ ^ 

Content : 1975 survey was ' 14 tK conducted since 1960. Employment — t,otal 
and'iiT^R&D — by occupation in thes^e activities; sources^ of funds (^'ederal 
Government,, own jorganizat ion funds',- other funds) ;^ and current difficulties 
- • in hiring personnel; employm^t by segment of nuclear activities. Occupa- ' 
./•'"tions : 7 types 'of engineers, mathematicians, 4 types of physical ^cientists 
' 4 types of. life scientists, '8 types of technicians, welders with nuclear 
certification, other. Segments:. 21 segments of nuclear or nuclear-r related 
activities, sucfi as, uranium raillir\g, chemical reprocessing of irradiated 
fuel, transportation of nuclear materials, reactor 'research , etc. 

' Coverage, Survey Method, Sources, Sample : Coyerage is all known private 
industrial establishments authorized to de''al with nuclear' materials , and 
all Government-O\^med , Contractor-Operated (GOCO) related to ERDA. I Mailing" 
list furnished by ERDA. About 60 GOCO plants and 1,06^ privately o\^med 
establishments in 1975 survey. Mail survey. Total employment: 108,000 
in^nuclear activities K 200 ,000 total company employment). 

^ Reference Date : Mid-year » ' • 

.Frequency : Biennial < forme irl^f annua ii) ' . ^ ^ . 

When- Available : Usually 4 year after sjarvey , c J ^ . . ^. . 

Forms and*- Reports : Employment in Nuclear Energy Activities 1975, ERDA. The 
BLS also issued ''a release on isesults of the 'survey. - . 

■ /■ , - .. ' i 

Evaluation Cogent ary : Coverage p'f plants in survey scope is . vdrtually -com- 
~~( plete. The survey has been conducted long 'enough to achieve an ynderstandin 
of terms' on the part of respondents, and tWe^^data are r-^asoAably accur^ate . 



ERDA 6' . . 




AN ANALYSIS OF NUCLEAR RELATED TECHNICIAN MANPOWER IN WESTERN' STATES (ER£)A-78) 

Agency : Oak vRidge Associated Universities For ERDA . / 

•Unit: Manpower Development IXivision ' * 

• ' ' ■ ' • • . 

Description f .,1 / > ^ • • . - 

Content: Report'of a survey of nuclear related technician employment in the 
Western States covered by ttie Wfestern Interstate Nuclear Board. ' 

Survey cover:^ both current -employment ( 16 ,800 in. January '75) and projected 
employment (2^, 300 .by l^te • ' 77) . . o. / ' . ' 

Training prc^am and;^^raduates projected for si'milS period. Includes types 
of technicians and types oi- training prjp_|rams by' states and type of training 
or employment organization. / . - .. 

Coverage , Survey Meth od , S6uixes , Sample Some 26^0 organizations—employiiient 
or trainin^g— purveyed with 79 percent response^, estimated ^to account for 95 
percent of employment.. Sample of non-respondents to mail questionnaire fol~ ' 
lowed up for error estimates. / " ^ ' . 

Reference Date : January 1, 1975 

, ■ • " . ^ . ■ ' • 

•■ Frequency : Single time ' ' ^ - ' . ^ 

l^en Avail able: On file . " * , 

■ ^ . -■ ■ #, • .z^^- ■ 

Classific ations: Technicail classifications developed for survey " 

. . . ■ - ■ ■■• :. - ■ , 

Forms-, and Reports 7 ,Qufea£io.nna3^v^c{te-dul^a-in6l^^ iri_ r^g^rf ^-^'A-Ti" f or both 
' employing organizatioTis andvirraintne-^.l^^t ' • _^ 

♦ 1 ' ' ■ ■( ^ * ^ ■ .lift ■ .• ■ ■ " J 

-valuation Coromentary: Report ippeSt^^^^ -t^^ examination of nuclear* 

. related technicians. Shortages antU^pat^ for production andi^reattpr operators 
a?id. for test and measurement- technicians'; probably surplus of medical and health 
related . • / \ . . ' " ^ . ' 

• " ' ■ \ ■ " ' / , ^ * ^ - 

Tries to allow for attrition and. growth iq emf>l6yment. ■ ' * ' 

y ."■ - . ■ ■ ^ ■ ^ \ { * . V , 

Usual difficulties with respect to losses to occupations an'd-training attrition. 

Appears t?4.be a workmanlike job. - ^ ^ ~s • ' ' 

Can expect 'differences in inferpretat^iM^^^ of different types'' of >^ 

tqcHnic-ians . . ^ " . • . 
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Ji^TRIAL TRAINING 'Os^^ MANPOWER 

Agency : Energy Research and Development Administration (ERDA) 
Unit ; Office of University Programs 



Description ; 



Content : Using a listing of industrial establishments published by the ^ 
American Nuclear Society (ANS) , ERDA compiled an inventory of education,^ ■. 
training and work experience programs for nuclear power plant and facility 
per-sonneT supported or conducted by industrial firms. Information collected 
includes separate firm-by-firm listings describing the programs — the length 
^andr type (radiation protection, computers , instrumentation, reactor opera- 
tion, etc . . ' ' 



Coverage, Survey Method^^ Sources, Sample : As indicated, the o,riginal list 
of proposed respondents; was taken from those-firms indicating, a "training" 
program in the American Nuclear Society 1976 and 1977 Buyers Guide . The 
response was' simply that ^received and 'no indication of coverage , can be made. 
S^imlar t'rBiining opportunities ar'e found in trade unions^ Fed'eral agencies, 
and\prpf^ssional societies. , ' ' # ^ ■ - • • 



Re.f6grence Datfe : Spring 1977 
Frequency : Single time 

When Available ; 6 months af ter 'survey . 
Classifications : As found in survey 




Forms ^m' Re^3ortfs : ' Industrial Training for Nuclear Power Survey. Me^'l^i^^dology 
also desc^ribed in report. - 

Evaluation Commentary : No evaluajtion can be made with respect to ^coverage . sin'c^/- 
response was requested only fjrom a special listing. And lack/of response - 
doesn't indicate'lack of sqch traiiilng. The surv^^' did provide useful infor- 
mation on nuclear training — but of course did not cover other ene:^gy programs^. 
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. .ERDA 8 ' > . • . , ' • . 

. ENERqY-RELATED TECHNOLOCr-pROGRAJlS IN COMMUNITY A^d JUNIOR COLLEGES' 

. ■. >- - 

' • • . ' . „ 

Agency : Energy Research and Development Administration (ERDA) 

Description : y * . . ■ ' ' * ( 

. Content : Ifi 1975, ER^A supported *a survey conducted by"j04l Ridge Associated 
^ Universities (ORAU) with the gppp^rat^ion pf th^ American Assoc iat;L'on of^ Com-' - 
miinity and «Junior Colleges (A^JC) . Inf o;:mat ion obtained •included^the number 
.1 of exis^^ng and planned ener^-'relat^d pT^ogram^^curriculum) -and the. type of, 
^involvement or coopera^tiofi between schools and industry. The^ programs ajre 
delineated into several energy categoric (petroleum, coal -.miniqg , geothermal, 
•etc.), type of school (public, priv.ate) , location of schocH'. * ' . • 

' ^ - ■ ' . ■ ' ^ 

; Coverage, Survey Method, Sourcesy Samp^ ; The universfe ; f or 'the survey 'w^s' 
AACJC mailing lists—members (89.1 schools) and nonmembers (333) qf the organi- 
•j,. zatio.n. All schools were solicited and returns were received 'from 6^12 jnemb^r.' 
. and 162 -nonmember schools. Folloi^-ups were conducted ^o determine bias^-,in the 
* response. Altogether,' some 76. sch«ols"*:Mi4^ted existing e'nergy-related pro- ■ 

grams and 153 indicated^onas being^lanneld . .The ^ follow-up indicated. ^a like^ 

lihood.of less frequent reporting' of these programs among - original non- ' , , * 
respondents. ^ ^ ' ' '"-^ ' . . 



Reference Date ; find of .Carendaf 1975 
Frequency : "Sii^gle "time • ^ 

survey 

Class if icat ions : As fquhd in survey ^ 



I /When Available:' 6 months a:fter 



Forms and Reports : Energy-Related Tg;chnol-ogy Programs in Community .and Junior - 
C olleges, An Analysis of Exig'tin^ and. Planned Programs . Questionnaire and 
me^thodology included in repq^t. ' " ^ ' 

Evaluat ion Commentary : This* was P^lin^le-t ime survey >which indicated a substantive 
•rtrend' toward the introduction of energy jpro grams in these institutions. ^ The ' 
^survey should be' conducted agaia- in the- ne^ future'. , 
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. /.-COMPARISON OF COMPE^AT^OJr-f^lD -^SCIE AND ENGINEERS 

' \ ,■• • . • IN. RESEARCH IWI) DEVELOPMt:NT~-1976 DATA^ • • ' . ^. 

;AgeTK;y \ Energy. Research and Development Admiaistra^tion (^IRD^) 
• 'Unit: Division o^^Bsiber Relations -^V 



Des(!i rapt ion.: — -x* ' *. ^ ''"i v ■ ■ - ' , 

- / ■ : --v'v'V' ^ - ' . ' ■. ■ . •< 

Content ^ Repr^^&nts special tabulations^ and^ analyses comparing- compensation: 
- .. . paid s^ci^nf is|:s'ian(f ,.;e.figirieei:s in 'IS ERDA^'labor^tories with,,,CGmpensation paid 
s,cienti«tS-^-aTr^ e^^^^ In 'other f^ilities "represented- ixi the Battel-le ' ^ 
, Natidnal !S5u^^^;^:^ (see Data'- Source .*BATL' i) . 'Dat^ and compar- 

isons' 'are of establishimen-t , education lev^J*";' ji\anage'ment level, v- 

- age, :. degree ievel f^tn^ year;s since degree.- Analytical approach is' e^senfla-lly 
"^ge~wa"^e /^V'^ditfc^.eil^ .according to chronologic-^1^ age maturity 
or years since receipt-. of degree. ^ ' ■■ . \ ^- * ' 

Coverage, ^Survey Method^ S^ources/ Sabiple : Survey'^itieth^ds and. content ess erf- * ^ 
tialiy the sam^ asjB^'^L 1 /^-.iSeVenV of the eighteen 'eRDA laboratories^ are ' 
included iti tJrj^^ATli.'^l sampie. ; This sjirvey compares reports ftom all eight,^en 
laboratories ,^^|)arately aggregated - and' analyzed, with the totals and various 
categories, of coraparablfef out side" unlv Arises shown in BATL 1. » ' * 

Rfeterende €ate : *19.76 _ • ' \" " ' ' . j. 

FreqCfe^ncy : Anpual ^ *\ ' ' ' ■ ; *\ - ' . " . • . r * ' . * 



iV^] 



X fflien Av^labl^ l About February of'' year tfellowing reference yeair. ' ^ 

¥d>rms.Xndj Reports^ ..'Angu^l jeports av^ailable from;,ERDA (now D^ art men t of Energy) 
pr 'Na't^o.nal TecHhiqai * In format iph Service. " " ' " / 

■V' ''^ "^^ ^ ' ^- : -A ^ ' • •• . 

Eyaluatd^on Commentary : '*T}iis survey, alsDng; Vit^'that -of t^e Batt.elle National ^ 
• ■■ 511^657;^ of Compefi^atibn^ employs, one o^ *^fche iiipst, pragmatic sippro^ches ,f owards « 
i d'^ n t i jF y i n g t h e . c ^mp o rie n t s ; 'rp ri wh i q h c om'^en s.^ t i*o n dl f f e r en c e ,a r e- b a s e d . ■ " , 
"^^These components inVo^Lve primajri-ly education, supervisory i:esp6nsibility 



aici3 a^e, and they^ppear to provldfe . accurate standards for analy t/Lcaldy' /-^ 

scientists' 'and 
the survey seems 



realistic measuregi^nt and comparison- df compensations for scientists'»and 
engineers, v. Response- rate* of ERDA laboratories' portion of 



toi be perfect (afe might be expected; r.rom •thfe.. nature of^ the' control and finah- 
cial support) ,' and. the jiata . may be congideired. highly apctn^at^ and 'represeitta- 
tive for i.ts_jurp<ve^r^. A la»;^er uniyerseV^urvey. (BAJL 1)' 

-experiences a low t^sporike r^te, so thlt their; .survevy resuits^ (which .form 
' one base of the' compa'r is on process s) is st'at is' ti call v/ff though 
Conceptually s.ound. V * ' ^ ' " • V) 




ETA 1 

EMPLOYMENT SERVICE APPLICANTS , F 



Department of Labor ' 'i^^i^O 
Unit : Employment and Training Administration, U-S^^Snffil Service 




Desc ription : ^ ' ' . .'V ^^'^^ . v 



\ 



• " Content : Applicants in State Employment^ Service off ices who have not yet 
. found jobs, tabulated by Occupation (seve'radr-^mndred \letaired Occupations, 
by Dictionary of '^Occupational Tit Les Class 1 f icaVj^jtinite) for the United States, 
all /States and 85 large metropolitan areas. /^^"'^ > 



Coverage, Survey Method, -Sources , Sample :" All wh'o are', reported ByState 
Employment Service Agencies as^ having fil/ijd Job applic:vt ions ' and whose names . 
have not been deleted from the applicant files because they -/i re known to have ^ 
taken jobs. - ,.' / 

Computerized file, . ESARS (Employment Service Automated Repc^ r^^|^ System), 
is tabulated ^quarterly. . ^ - 

r ' Freq uency : Quarterly .-.^ . ^ ■ , ' • 

Forms and^Reports : No publication, but quarterly tabulations are available on ^ , 
microfiche. TabLe 96 . is the tabulation of the appl/Lcant _ f ila by occupation. 

Evaluation Commentary: Ap^Ucan^ Include people with jobs who waht better jobs 
(unde^l-employed?) as'' well as^. those -unemployed . • - ' • 

■ \ ■' >v*/ ; . ■ " , . ' 

Scientific and technical perso^el typically do not use the public employment 
.service 'to seeic joSs, but where'-j'obs are?^hard. to .get more applicants will show 
up; also, when sonteone receives unemplc^B^ent insurance 6enef Its he is re- 
quired to seek work throUgh-the publ^?§%nployment service. "A rise in the 
number" of scientist aV\d enginee^ applicants is therefore a Wign of daterior- ■ 
aping labor market, e-\>en though thje total of applicants is not a measure gf 
the'*'numbe'r of scientists and engineers seeking" j obs . \- T ' ' ■■ . 



■■)'■ 
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- . . ^" PROJi^j:TiNc: entployment requirements for tunerct development 

. . ;.. >.t" :■: • /and .EXPANSION" IN FEDERAL REGION VIII \ m - ' 

- ' \^ \ ... f * 
, ^^e\\hy \ X].S. Department 'b f Labor ' . , " 

' ' illiii'. F^mp'loymcnt and Training Administration Region VIII (Denver) 

'■ . . ^ " "■ \ ' i ' ' J 

. * ^pontenrt Based on'Btireau^of Mines and USDL manning tables and BOM "Projects 
to Expand Fuel Sources in Western States" to obtain manpower requirements for 
iiaplementing these projects. Principal energy areas: coal mining, power 
plants, coal conversion facilities. Shows projected requirements by state 
in Region VlII (Oolorado, Montana, North Dakota, Utah, Wyoming)-; by detailed 
> / occupation ^specific jobs, e.g., front cad loader operatioir) . Includes 

construction of facilities and operation ■ phases (except mi'Uing which does 
not include ^on^5 tructlon Nirc/quirements)\ (No R&D or acrenUst manpower data.) 

- ' ■ / ■ f ' 

Co verage; Surrey Method, ScVirces , Sample : Energy d^elopmQnt projects repoorttd 
to or known to^^BOMwere applied to manning tables fbr th.e production capacity 
shown. Shpws only direct employment ^.requirements and does not attempt to net 
out labor force attritions duetto retirement, death, separation. 

• •'• ' \ * • • 

Reference /D.ate : 1976-1985 ' ■ 

Freqi^ency : One time'^ \ ' ' - v 4 

. • ■ ■ ' 1 ^ ■ ■ • ■■' 

. IvThen Available : October 1976 * . ' 'y-'- ^ i 

■ ^ ' ^ ' - ' * r 

V Class_lfications: Dictionary of Occupa/ional Titles, Standard Industrial Classi- 
E .^ca^tion^ . • . ^ \l. . 

Forms -and Repor,ts :- ^Projections based ^^ipM Circular 8719 (. Frojects t^ Expand 
; , Fuej: Ngources in Western States ) and USDL-ZBQM mdnlVing ' Vah 1 ps . ^See related 
speech:^% Robewt J. Brown (then Regional Administrator ETA Region VIII, how 
. Undersecig^ary of UsbL)'. mfH-pb Energy Employment: Th^ Critical Dependency' 
' v ln tKe. Unrti^d ^StaliQ^j Econom y to National Commission for Manpower Policy, San 
•t'ra^icisco', Oajif prnia .. ^. . • . . . ■ . 

Evalus^tion Comment;ary : . B^ef■d, on fairly accurate manni^'- Vab les 'develp-pecl by^ on- 
site. ..surveys , less ^ccU^^je reports by conipailies, on planned energy ..p^dj ect ion 
• • prqje^ts, is subject to usual weaknesses -o^f^ projections^-in this case whether 
planned .projects wilj. be realized aqd^ whether technology, will change. . AlsoV 
'«s -does no^ show- ind'irect ' employment ggnerated/or sh'ow net ^mploymen^t' aciditions . 
- required (after labor force attrition). Also limited* to one region.' 

. ' . » \ / - ! ^ ■ . • " . - 

. ■ Nevertheless gives ^qOantitative parameters /of lemployment reqtiirements to.short^ 
^ term-.(to 1985) 'prospective expans ion plans; by . s pec ilic (j ob , tit le) ..occupations . 
and 'demons tr^ejs'l that employihent rteeds can' b^estimated with fai^ 'degree of 
specif icity 'for -prospective energy expans ion'^.prp j ects , No ^ R&D occupa^ons 
are involved in* th^se prbj ectioris / buf-highly skilled c-raf tspen, occo-pSionj 



-prospeccive energy expans ion'^.prp j ects , No ^ R&D occupa^ 
th^se projections/ but'-highly skilled c-raf tspen, occLTpS ions 
are included. ^ Valuable " ma inly ds a model for forecasting energy: mai^PQwer 
requirt^m^nts. * ^ * % *^ . ■ ; v • V 



ETA 3 



EMPLOYMENT SElMCE [JOB OPpNIji^S : (1) JOB BANK OPENINGS SUMMARY (JBOS) 
(2) OCCUPATIONS IN bEMAND (DID) . REPORT (3) JOB BANK FREQUENTLY LISTED 
• . f ' OPENINGS (JOB-FLO) REPORT - 

Aycim^: . U.S. Employmcjnt:''Sorvice , U.S. Department of Labor 
. * Unit : Job Search |ln formation Unit 

. Description: 



Content: JBOS 



re4^re^ents national summary i'isting, by job' bank region,*^ of 



..all retrievable J'p|b otders in the -Public Empfoyment Service for the reference 
montln.- Produfi^^d. Snly in microfiche and has limited availability. OID is a 
selected s^ifrtm^ o,f about 140 occupations either heavily in dema^nd in%ne , - 
or mo^a/feas, or pith substantial aggregate demand in fi^ye brjnore ateas. \ 
Appear>-^s an 8-page m^wspaper monthly. Includes 'cert-^airi "Frequently\Li^s ted. 

^Occupations" (FLO) [ according to multiple criteria' of. employment office size 
and volume of j o"b • j^rder flow . Shows FLO openings, during and at ehd of-'moi\th. 
JOB-FLO reports flionthly on selected characteristics of FLO according .to ' ^ 
industry generati^^jorders; quantity, and experiehce and 'educational. require- 

, ments of employees. Issued'^-as computer print-out bulletin. 



- Cove-rafiG. , Survey Method / SbU re .63... Sample : Data are^ based on j ob« order tapes 
°^ openings registj^red in job banks. JBOS includes ^1 order^ .ret'^rievabl e 
af national office,; x)ld reports on occupations heavily^ iri;j,^demand, ; JOB-FLO 
also focuses on hith " volume occupations regpla1?ly 'repor.ted by about -125 large 
^ocal offices, wit i analytical mater^l Selection criteria are described 
tx\ information guides available with'^h 

Reference Date : Chlendar ' month 

F,requency : Monthly 

^"^en Available! About menth later 



e^ reports, 



Class i ficat ions.: 



thereb f . 



ictionary o f Occupat ional .Ti tl es . ;( DOT) . and aggr-egates 
Industri>s<^cording to Standard Industrial Classification (SIC) ^ 



Forms and Reports : „ As.! des cribed above. 



EvaluatiojiComm^^ ^enrp^pnr only those job orders re|is tered wi th t-he ; 

■ US4^S7<C>JTlic^^ fc^en only a. minor intermediary in 'the job market 

^ for , scientists'^ engine'^s. Past experience with operational reporting 'diffi. 
cutties, dela3?^in transmi$si5n, and"* failures '^to "clear" the files of job~ 
or.derl?^'no> longer in force can be- expect.ed to blur the interpretation of the 
, data as an^' accurate reflection-, of demand. However, if taken with other. data, - 
• ' these -openlngfe" da ta 'may ' provide con f irma t ion , or initial indicators subject , - 
'to confirmation, , of jdevelopmentS3 in^ demand ^f or specif ic/catego ries .of - scien-. - 
tists and eng:^nQe rs/.i J\dditi©nal analytical material is available ,* on limited/' 
basis, at ^national\pfif ice of USES, in "Analytical Table" Series , ".which " presents 
. tfme- Series an4l}^^.is .by oQ.cupat!ibnal category, wages, industries and areas. 



. ETA 4 ' ^ , " » ^ 

\ . . , . • APPREtoicE^HIP STATISTICS ' ' 

Agency ; Department of Labor ^ ' , 

Unit: Employment -and Training Admin is t rat ign . ^ * 

Description : - ''^^ ' * - . 

Content ; Statistics on apprentices in,, apprent icesh ip ."^programs registered 
with the Bureau of Apprenticeship and 'i^i:aining or , with State Appr-^^.rit iceship 
Councils. "Number in training jfat beginning of year, new registrations and 
reinstatements, occtipat ionsy^ancel lat ions and/ number in t^rai^ning at ^^nd 
of y^ar. 'Data available by occupation in which the worker is apprenticed 
(53 occiipatigns plus mis^llaneous) . ' Dat;aton"the charac*'^gis'"t ics of appren- . < 
'tices, by ..occupA^tJ^on ^a;*9 ""industry , are availab,le : race o^iS^thnic ^roup , sexT 
and veteran statL 

• Coverage, .Stirvey Method, ^Sources, Sam^ple : All registered programs, as defined 
above, are covered. Reports are from local -program coordination. 

Reference Date : End .of .calendar year ' / *• . ' 

Frequency : Annual ^ ■ f . ' ^ - , . . ' - 0 

- • . ■. - ' ' ' ''\^ ] . ■ . \ . 

forms and Reports :', Data regularly reported in the Statis"tiics section of the 
annual > Employment .and Training Report of the litres id^nt > / - . ' 

Eva-luatiaon Commentary : The non-registered pr^ogirams , < e^luded" f rom the data, * 
\ are^felieved to train a largfe number' of apprenriT><^--somet imes said to be 

as -many as those in registered programs,-, but there are no Hard^ data won tlie * 
. number. Informal tr^ning also goes on .^dr many ,of the t rades j-^and many ^ 
ap^prentices q;an get* journeyman jobs before- cpm'pleting the program ^,The * ;^ . * 

• .comple.tions /-of registered programs do not , -.therefore , fully meas'ure'V^the ... ' 
total ^i^^fcer of persons who center the. trades. 'j ^ ^^t''^' 



ICC 

ANNUAL REPORTS OF INTERSTATE CARRIERS 
(PETROLEUM 'PIPELINES) 



Agency : Interstate Commerce Cojnmission 
Unit : A^c ounting Division 



Des.pription ; • : JBk'' 

Content : Annual reports of regulated companies usually. include schedules, - 
by individual carriers, on employment and compensation in addition to finan- 
cial ^atKt;,.op-eraJ:ing information. Thq, schedule on empJ.oyment by regulated ' ' 
inters,t;afe oil pipelines calls f or -tHe-average number and annu^aK compens'ation 
of- professional and subprof essional emplQy.eeV" Some variatiSpi^. type ■ of ' 
company. '■_ " • , ■ ^"mi^i^^" v n - 



C o vterage, Survey Method, Sources, Sample : . All reguia'Ced dorapafiies^^re 



required to ireport. 

Reference Da^e ; , Calendar year T. 
Frequency : Annual .. . • . . i ^ 

Classifications-: Ad hoc occupational classif icat'ion- 2> categories include 
such detail-as ^^carp^^rs^^ and> "tglegraph QperatorsV with broader categories 
such\aar professional and subprofe^Sional employees'// ^ , 

■ ■ * ' ■ .■ • , . \ - • V ■ ^ ^ ^ ' . * ■ ^ ^ . ' 

Forms and ^Reports: Information apparently not publiSthod, but available for public 
• inspection,*f individual reports in Room '6114^ IC€ Building, 12th Street and ^ 
Constitution Avenue, N.W. , Washington', '^D . C . . ... • ' ' . 

Evaluation Commentary : Not suffid^ient occupati9nal detail >to 'provide more tfiatiX 
general background information, i.e,, Vprof essional and subproflssional em-"" 
' ployees (engineers, chemists, etc.)'' ad "detailed as pipeline report goes. 

/ Employment represents the "ave^^tfe*^>f^:^ '^ear; i^i-th.'^^tbtal^ compensation ' for 
• ^-the year*/' ^ '-'^ - "H; ^ ^ "'^Z:^ • ^ " \ U i ' ' 



4^^; Data have limited ^utility a^'" p-resentl^yilstractured. 6ut/und^^^ b6 - 

■ consolidated into a uniform 5ef>arfcmer>t -^f. Energy teportfing ^system with .more" 



useful, occupation-^l detail . ' , . ^ 



• INS 1 , . 

BENEFICIARIES -OF. OCCUPATIONAL PREFERENCE AND' OTHER IJ>miGRANTS ADMITTED, 

BY OCCUPATION * ^ . ' 

Agency : U.S. Department ^ of Justice ' * 

. Unit : Immigration and Naturalization Service 



Description^ ; 

Content : Occupations of all immigrants by category of ^dmjji^ ion ( critic aj,'.'. ' 
shortage-occupations,^ and* ^1 1 rothers , mainly re lat ives 'of . 0 . S . Nat ional^.?^ : " 
FY^1976 repojit lists admission.^Vby 11 categories of engineers, 8 life.^and/ ? 
. physical scientists, 6 social scientists, 25^teachers 9 engineieringdnd science 
technicians, etc. Temporary stude^its, who may become long-term, are generailly ' 
classif ied-as I'rionimmi^raTits . - ^ - ' \ 

* 2nd largest for scientists and eng:j.neers 

Largest category by* far for scientists and engineers " 7"''*''' 

Coverage, Survey^ Method ^Sources , Sample :. Occupations il^ased on entries supplied 
, by iqimigrants (some t imes ^consular of f icials)^on application for entry visa and 
.applications for . certification for immigrant Gentry because of critical occupa- 
^tional shortage. • 

' ■■ ■ - \ • ■ . 



Reference Dat(f : 'Ye^r ending' June 30 



Frequency : Annual— Data reported in A^itiual Report of the Commissioner 'of 
Immigrtition arid Naturalization. , '^^ . 



When-Availatil,e > * About 3 months 'after end' of reference year 

Classif fcations : ■ Census occupati^on (roughS^) ' - . _ 

■ i . ' ' ^ ■ • " ■ * . . ' . ^ 

Forms and Reports ^ Application for immigratio-n visas and for certification (by U.S. 
. Department of Labor) of critical labor.^sho^rtageg, ( confident ial records not 
usually aVai'lable) . . '' "'jiS^^i "^'^ ^ 

Evaluation ^ Commentary :' ..Uniform standards ^re^^^ applied, to occupational designations 
by immigrants. Also, occupat ion given . is -^^^#t befdre entry irito'U.S.A. ; and may 
not reflect actua^i occupation af^ter immigration. Tol low-up survey and analysis ^ 
of records by David North .for U . S . Department of Labor. (MA) Vhows." substantial 
occupational dispersion af^ec entry , 'with . tendency for mo.bl'lity vp.T^ard ,ln occu-= < 
. patidnal social and economic status '(SES) fcir those at lower 6nd^ and mobility^ 

•V - downv/arcf for those declaring themselves ^t upper ^end of Occult iohal S^ES . ^ 

There^' is need ^t. regular 'followvup on occupational status (n^^ for. and f'easi- ' 
> bility of whlicyde>onstrated^^rj.^ D. North's study)., better in.i^^^ st^dar^dization 
- of ^oecupatioWy^^ better coding^ tabujating and'pu^^hi^ -by.Immi- ^ 

gratian'an4 Nat!ur^ailizatlcgi Serv^Lce^ and som^ indication by analy^^of * ^ " 
d4sci;^pancies. introduced t>y interventlonary action's ^-n the immdgration .process 
* . (e.g.', FY. 1975^ teiitiffcatiQii of H-2 temporary ' Workers--xsupj?o3^dly;' laborers — 
o shows 328 engineers and 23 scientists admitted). ffev^rtjjeiess , rhgse are .be^t"* • ' 
lndi£,a-<ions of , magnitude . of foreign supply to. U/S ; o'f *^S^entif it',: Technical and"*' 
Engineering Manpower. ' . . • , t-^'T ; ^ : 

See also, N^tianal; Sci^snc e Foundation, ^sy \Scierftists and Engineers f rt3m > 
.Ab^-Md: .Trend's of^'Past Decade, ;l966-75, 77/-305V ^ ^ ^' 
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^ " .. ' ' COAL -NtANPOWER PROJECTIONS, 1980- ., # 

Agency ; Kramer A^soci^tes, Inc. " ■ 

Description : -fj^r^ 

Content : Projects manpower requirements for bituminous arid .lignite coa'^iniog: 
. aggregate manpower byotype of mine (underground, strip., - auger) , by year ''€974-80, 

using projections and other data (shown in detail) from other sources on typfe, 
" of production, output, age composition of work force, productivity (extensive " 
detail and discussion),' retirements and other attrition. ^ Also: projection of 
^^loyment by skilA grade and illustrative skilled occupations. (But no* R&D 
or, scientist manpoweS^coveiy^G-. ) < ' » * • i 

Coverage, Survey Method, Sogces, Sample : Performed i>oder contract with U.S. 
Department of^ Labor, Manpower Administration. Estimates manpower requirements 
on basis of pro j ections ' of output made by National^ Petroleum GdunciJ. (in U.S. 
• Energy Outlook, 1971-85 published 1971-72). Using also^: aggregat'c! employment 
produbtivity data, illustrative occupational composition in West Virginia, 
United Mine Work^r>s-da.t§„on age composition and attrition of labor force'. 

" Reference^ Date : 1970-73 actual data; 19^7.4-80o pro j ect ions ' /. . 

Frequency : Single time ■ ♦ . . . _ "^"^ '^ 

When Available : ^ Sef)t ember 1973 ■ . ^ . 

Jorms a^d Reports : None — calculation^ made on basis of other published ^dat^ and 
.judgmental analyses. ^Assumptions stated and judgmental factors ' given'.^ 

Evaluation Commentary : Report notes handicaps in making estimates of both aggre- 
gate and occupational 'manpower requirement projections owing\ to limitations 
'-'of avai labile* data (quality, detail, existence). R-eligcl heavily on ^est Virginia 
.occupational employment detail to impyte 'pattern to en[,t ire 'industry , and to 
secure ■ comparaMlity with other published o.ccupational data such as union con- 
• tract j»ob titles. . Also notes deficiency o^f detaile'd productivity d^ta and its 
linijiting effect on vaMdity of these 'pro j ections . /.Nevertheless a good broad 
cut ^ Establishing. order of magnitude ' of net additional manpower requirements 
.bituminous coal industry. • . ' . 

Pnimary improv,^ments ^needed : more and more. 1:ompar^bIe , occupational data and 
.^me breakdown of productivity measures now made ^by -United States Department 
of. Labor. ' ' * ■>^. . , * ' ' ■ 
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NCES 

-EARNED DEGIiEES^ CONFERRED—HIGHER EDUCATION GENERAL INFORMATIOM SUI^EY (HEGIS) ^ 

AgeFi-cy ; Health, Education and Welfare « ' . 

Unit: National Center for Education Statistics (NCES) ' 



Descript 



Content ; Reports annual baccalaui:eate and higher degrees conferred by United- 
'States institutions of higher education. Includes level of degree (bachelor's 
master's, doctor's, first professional); discipline speciality in which degree 
grarited, type of instittftipn (public/private, 'university or other) , sex of 
recipient fori ed^h degree... 

*i» Data available also f or ^ndiv'idual institutions. 

. . Co^ferage, Survey Method , Sources , Sample ; Covers substantially 100 percent of 
/approximately 1,800 institutions identified in Education Directory as_of/ering 
; b,achelor ' s. "or higher degrees. Survey instrument is . mailV ques t ionnaire to p'rTs- 
'.idents of institutions or to State coordinators. Covers^academic years July- 

Reference Date : School years, July l~June 30 

FrequeiWy: Annual * V 

^ ; — ^ - ^- \. - ■ ■ 

Wh'en Available ; > Nominally by January oF^ following year. Data expected to be 
- av-ailable on tapes by January of year ^following sehool year reporfe'd. How- « 
ever , 1975-76 tapes not available in June 1977 , and last published ra>ort now 
availabl^r^is for school y^ar 1974-75". -Availability date yaries' i^/idely ^depend- 
ing upon receipt of survey forms, editing, contractor - processing , ^Gpvernm^'nt 
Printing Off,|P'e printing schedules , etc. ^ v ' 

Forms and Reports ; Forms OE^2300-'2.1 De^ees and Other V.ormSl Ayartj.q Confer\:ed V 
reproduced on p.. ^5f Earned Degrees* Conferred 1974-7-5C !> / 

Individual' ihstitutiort data separately published in limited supply available. 

'\ ' . ■ . -■■ ■ ' ' r ■ '. - 

Evaluation Comme'^ntary ; Only source of comprehensive data on. degrees granted by • 
level and ;.by disci^^n^.,^ Coverage* of institutions subs tantially * complete , \^ X 
but extent^qf possible f^^rov in repotting f-ield "of degree unknown. Madhine 
edit for consistency wi^ previous year report and mathematical acc?uracy sup- 
plemented ^ith visual inspection afi'd foitLlow~up With institutions in question- 
able *c^'ses ... Sonje^ dif :t^rences fiu'nd with National Researofi -Coidnc il. cloctcirate , 

J'^'^m - : ' ■ ' ' . - - ' • . ■ ' e ^ ' 

■. G.J.assi'f ication ot field pf degree compa^^i?5lei^ back to\1970-r71: can be^ con^eftfed 
.to'4^65H^66. : ■; ..■ * ^ ' ■ ^ 



*. ^;U§ef ul^ as •iTidica?Qr of poteijti'^al s^ply'for teehr^iiial mahp'^|||^^.p^b'gTff^s,." such • 
•as energy. Usefylnes's^^woul'^ be^ greatly enhai^ced by yupi^lement^ry* or/»'follow-up 
surveys- of edncat.lo'n' an4 'degree backgrounds of . t^-he presently ^emAloyed in ener^^ 
activities. - 'V' ,1 . ^ ' s "i^** ' . ' - * ' . ■ -h^^; "'- 




STUCr^f;|JNROLLEP FOR ADVANCED DEGREES—HIGHER EDUCATION GENERAL INFORMATION /.- -- 

SURVEY (HEGIS) ' \ ' ' -v. '"'^ 

Agency :V Health, EduGat_idn and Welfare >W • - ' : 

' Unit: National Center-for Education Statis't'ics (NCES) 



Description ; . ' ' 



Content ; Reports annually on students enrolled for advanced degrees (master's 
or higher and first l^rof essional) in U.S. higher education/ institutions . In- 
cludes sex, atteij,danc^status (full or part-time), whether less_ than or more 
• than 1-year of . gradkilt.^ ^tudy complete and discipline speciality of major field 
o^^study. / " • , . 

Informatfion also available on .enrollments by (fisciplii:ie ■ and individual insti- 
tution. ' ■ ' ; . 

Coverage, Survey 'Method , Sources, Sample : Questionnaire sent to all^ institu- 
tions— -universities and 4 year ' rep'orting units— identified in Education 
Directory. Returns from 1,050 institution units 'cover all known to enroll 
students' for advanced degrees in Fall 1974. Coverage coraplete. Mail question- 
naires completed by institutions or State coordinators. 

Reference Date : Fall term . 

Frequency: Annual^^v " ' ■ ^ * 

I^en. Available : Nominally by June of following year, hht "in June 1^77 the 
1974 report" last available. ' Tapes earlier. - 

Classifications : "Taxonomy of Intructional Programs iiyHigher Education" for, 
' major fields of study. 

^- ^-^ - ■ 

forms and Reports : Form OE 2300-2.^5 Students Enrolled for Advanced Degrees 
reproduced on p. 5^3 f -of &tucients Enrolled for Advanced Degrees Fall 1974 , 
National Center for Education Statistics 76-112. 

■ ^ . . • ' . ■ ■ ' ■• - . 

Evaluation Commentary : Only source of -comprehensive information on students 

, enrolled for graduate study in all fields.' The 965, Qgp enrolled' for master 's ' 
ar^i doctor's and^ the 223,000 ensiled for firs^t professional degrees exclude 
graduate Idvel students enrolled in courses which do not* termyiate in advanced 
degrees,^ and post-doctorates. ' 1 

'. ■ " " " " ■ ' " ■ ■ ' ' 5" ' ' " • - ' 

Comparabiiity good back to 1971 when discipline specialities- first classified 
according^ to "Taxonomy of Inside t ional -ProgramsMn Higher Education. " / 



* V Useful to estimate 'Higher education trends for disciplines of interest'to ene'rgy 
mappowe?'. Needs supplemental information on-Jeducation ■ and training' of manpo'warV' 
' • ■ now^;eng^^d in entergy work. ' > f. ^ " , ' \ ■ ' , ' '' \ 
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■ • % ASSOCIATE DEGREES^ AND 0TH^r\F0R>IAL AWARDS BELOW ^THE BACCAI,AUREATEt~ ' .j 
.\ -HIGHER EDUCATION GEfJER.^ INFORMiVTJON SURVEY J.HEGIS1 / ' . , *' ' / Vv: 

Agency Health, Education arid Welfare , 

Unit: National Cehter ^or Education Statistics (NCES)" 
— « \ 

Description ; ^ • ■ > , 

Content ; Reports Annual awards of associate degrees..^^|nd other formal award? 
based on less than 4 years of college-level work by "qWp institutions *of higher 
educatlpn. Primarily emphasizes cbmpletions af^* orga^^eci pccupational curricu- 
lums in variety df techrrologies normal^sy^""^ collegiate programs 

to prepare Students for Irijmediate employment. Includfei^associate degrees (at 
least 2 years and lessVthan ^4 years beyond secondary)tand other awards 
(requiring 1 year beyond secondary)-; type of control '(p.uHl^t^/pfi^^e) ; type 
of institution (university, otfter 4 year, 2 year); curriculum (arts and science 
or general, science or eng:^neering related occupational) ; discipline special- 
ties; sex of recipients-. ' ^ * • 



Data also availabie* for individual institutions and States 



Coverage, Survey Metihod, Sources, Sample : Coverage base — "institutiotial units" 
identified in Education Directory as universe of those offering programs re- 
quiring at least;2 years of college work but less than 4 years. 

Survey I instrument mail questionnaire to presidents of institutions or State 
coordinators'.*^ Response substantially complete ( 3 ■ nonrespondents in 1974-75). 

Reference Date : School years, 'July 1-June 30 ... , - 



Frequ,ency : . Annual k T" 

When Available : Nominally Jantiary of following yeai^'^. Data f requently'delayed- 
. published report for 1974-5 ^became available in June ^1977. ■ ' » 

Classifications ; Discipline specialties — "Taxonomy of Instru(^tional Programs 
in Higher Education" * ^ ^ --^-^^^i^ 



Forms and Reports : -Form OE 2300-2.1, Part C, ^ .Degrees and Awards Based on Less 

Than 4 Years Work Beyond High Snhnol repro*duced on .p. 39f of Assocl^t^e Deg^rees 
and Other Formal Awards Below the Baccalaureate 1974-75 (NCES 77-3^ 



Evaluation Commentary : Source of' camprehens*ive data on an admittedly murky area, , 
of post-secondary education 'leading to entry into technical', semi-professional*, - 
and iu> some cases prof essional .occupations . Does not include tecl;vnical ^training 
pjrograms in secondary schools., employer on- the- j ob anH .apprentice training^^ or 
armed forces, all of which are important, training mechanisms. 

Comparability gopd^vb^ck to'" 1973-4 , and*%air to .1970-L. However, c^tegori^s 6 
have been ad'ded/to' specialties is ince i|9 71 , ^and other revisions made. 



Useful as indiqator. of n(??ent;aal s^upply for technical manpower ',proj^iams with 
euLr^^ at s%mi-praf essional and technical occupational level. 'Needs supple- 
ment.gry information on education and training of rr'ew entrants present ly^em-* 
ployed in energy R&D p rograms • u , • " * .. .fj-* * 



7^ 





^ .UPPE'lVrJ)IV,lSl6fJ .BInIROLLMENT 'BY DEGREE IFI^LD ^ ' . ' ' ' 
y X -Higher- EDUCATtto GENERAL INFORMATION ^SURVEY « ^' ' ' 

Agency ; Health*, Ecjucatiort and Welfare ... \ '. ^ 

JJnit: Nat-ional Cent'er for Education Stat is tics__CNi]€S) . , l , 

, ' ^ \ \ ' ■ . ' 

Description : . . ■ ^ . \ 

' • Content; ThisAis. a 'new sec t;ion^ added to ..the Higher Education General Informa- 
tion Survey (HBQIS) requesting information on nuinbers\ of upper division stu--^' 
dents by maj ox field of stu^.'-^ It was . comb ined with' the regular survey of 
•Students enroj\l,ed . f pi^ ad^vanced degrees. Inforjnat ion yis, provided . on 'enrollments 
^J.yr^M^^ ' °^ part-time ^study and. by instituLtQ^nd geogr^ loca- 

tion'. In a-^separate section, information was reque^^d also on students 
enroll&d for first professional degrees. \ ' - 

Coverage, -Survey Me thodV Sources., Sample : All ins'titutions awarding least 
a bachelor degree which are' included in the Education Di^rectory of Higher' Edu- 
cation were Goqtacted. Data were furnished by 1,658 institutional units 
(3'eparatel^ organized campus or branch of la^rger universities or state systems"). 
Upper division enrollment is defined as juniors and seniors\ enrolled for^ A- 
or 3-year baccalaureate degrees. A response rate of 100% of the. institutions 
was obtained. ■ ..'"''^ ' 



Reference Date : . Fall of year 

. * • <• ' ' . " 

Frequency : Periodic ' ' • 

When Available : About one year following referenc 'ate 



Classifications : Taxonomy qf fields of study of the National Cenker for Edu- 
c^ation Statistics. . . 

Forms ,and Reports : .Questrtofuiai^^^ instructions contg^.ned in reports. A 

report • U-pper Division EnrollmenJ: , by Field , was issui^in mid-1^77. 

. Evaluation Commentary : This is^ the first collection of such d'ata since 1967. 

.At present the NCES is^ not certain how often theupper division or. graduate " 
enrollment surveys will be conducted.. It appears that both'surveys enjoy very 
high response rafes arrd-traye no•;specjLa^l trouble with definitions,' etc". " the . 
problem- for the NCES is one of prioritises of surveys. 




r 
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." SURVEY .OF ^ RECENT COLLEGE -GRADUATES . ^ 

Agency ;. Westat, Inc. for National Center for ^.Eflucation Statistics (NCES) 

. • •.}»*,.'.■. , 

Description ; ■ - < -^^ - * % ' ' ' » 

• i- ■ ' ■ 

Content: Concentrating on obtaining information on possible additions to, 
, teaching, supply . The suryey obtained inf ormat ' on^ from a sample of 'college >■ 
graduates at the bachelor,' s and master's degree level , of 1974-75 on:' support 
(during undergraduate work (loans, scholarships', etc .),■ 'completion of require- 
ments' for teaching certificate and-fields of same, continued student status , 
salary ,-• teaching activities by field, relation ofcmajor to. job, language cpmy ' 
pet ency,' major field of study,' an4 selected personal characteristics. 

CQverage,* Survey Method, Sources, Sample : Westat, Inc., under contfact tp 
NCES, conducted this survey "of 1974-75 graduates H.in ;mi'd-19.76 . The/sample* 
design consisted of 4006 bachelor s and 1600 master's degree recipients se- 
^^cted ort^ two-stage- basis from a stimple of universities' and college'^ (actu-. 
^ af?^^^^10^t 5800 from' 200 schools/. Some 4', 350 usabie replies were received.? 
Sample was weighted up to the couijjts obtained in the Higher Education GeneraV » 
■ Informatipn Survey (HEGIS) ■ .19^-75 The sample was* weighted^ to include over-.., 
representation for education majors.'* Additional .data on methodologies used " 
in the survey are found in the report listed below'. 

• * ^ - ' 

Reference t)a'ta : Spring 1976 \r ^ ; ' 

Fr&quency : -Single time , . ' v ^ ■ • 

When Available : One year aft,er survey > - ' 

-t " ' ■ , M' 

GJ-assif ications : . NCES - Taxonomies :\,^- " ; ' 

Forms and Reports : Two reports -.hawV^jeen prepared, but are not yet i^eleased : 

Methodoi^ogical Report, Survey of Recent- College* Graduates , 1974-^75 and ' ' 
* Survey of 1974-75 Go-llege Graduates . ' The questionnaire will be, contained 
"in the former report. ^ . --^ . . ' 

• . ■ . ... ■ ■ -. • 4 ' * ^ . " \ " ^ u: 

Evaluaj^ion Commentary : Though felt to be a successful survey -in terms\of meeting 
the broad purposes of the JSIational Center, ^ it is'w^ak with respect ,to providing 
data on science and engineering graduates. This results, from th^ intended 
bias toward education majors and thus the number of cases was lairge ' • 

, enough, to provide ^detail on most, science and engineering disciplines. fICES , 
in November 1977 signed a^.^ontract with the Na-tional Opinion Research Center 
(■'University of Chicago) to cond.uct a new similar survey for .1977 graduates 



'NRC 1 . 
SURVEY OF EARNED DOCTOJ^TES 



, Agency : ^National Resear.ch -Cquncil 

* ilHit- vp^^iission'^on Hum^n, Resources 

. '** . Si; • 

Description ^;. 




Content: Name^s-ex//e^c\^Jcl:tizenship ,-, high school ana^Wlege educatioW 
(year and- location y6f- ins tifution , field and title of "dagraes) , title of , 
the^is-ahd thesis devisor, source of financial ^support dn graduate school/ < 
a.cadfemic status in, year prior to award , 'immediate post graduation' plans" 
(fellowship, employment;, military, and broad type of ^employer) , name of ' " ' 
e%>li3ying organization,- Occasionally one or two additional questions' asked, 
e.g.,' education of father and mother. > v. ." . ' • 

Covera'ge^, Survey Meth od, Sources, Sample :' Questionnaire - distributed tVea'di 
candidafe- tor doctoral degree in all D.^. . schools by Graduate Deaps or similar 
official. Quesdipimaire. returned to NRC. at. award; of aegr.ee: Return^ for many 
years have, been at oVer 99.% rate. ..Some follow-ups are made .-f-GoVers all fields 
and ins titutioTis awarding earned doctorat'es. S.urvey has been cari:i6d*5ut on ' 
this basis sin^gms?. 'However, NRC has cqmputerized file of all>'earn^'^ doc- 
torates d^inc' , ' 




ice' 

• Rete^rence \pate^ ; .^a^demic year 
Frequency : Annual 

Wien -Available' ;: About 9 months'^'aftter Jkl of year/ ' „ ■ ' " 

■ ■ Classifications: National Research , Council/National Science .Foundatici fields' 
^ science arid engineering. - . . . 

. ' ■' ' ■ ■■■ ■ ' ^ 

: Forms, and Reports; Annual report' Doctorate Recipients from United States Uni-ver- 
sities . includes ques-tiohnaire. Occasionally summaries of data, for several • 
■ ■ years produced. i . , , .' , ^ . i \ ' , ' 

' ■■ X ' . I . . ■ ..■ ^ , ^ .■ ■ 

:Evaluation.^ommenl;ary: Mhis :il .practically complete.coverage of earned ditorates' 
from a U.S. univer&i€y^. Furthermore, a computeriz'ed file 'of all data for all 
. years is maintained- by NRC. individual comp'letini 'questionnaire states his'"' 
.field of study.'. Therefore dati not strictly comparable witfi' National Center-. 

foryEducation, Statistics dat^ on earned docto.rates. ' No ^formation on energv- 
' related, 'activities. , .■ ' ■ ■ " \., f.' . - - 




■■.•\- 



■ ■ ■ ^ i 



' V -f. ^ . : . , - v. • ' - . ^ 

- ^f^VEY. &?;DOCTORAL ^SCipTI^ AND PIGINEERS- ^ * 

• ■ ■ .••■0 • •••vr'/^. •■■ • . ^X:^ . . ■• • ■ • 

^ Agency" National Research Council '(NRC); . ^ _ ' ' , * ' \' - ./ 

' ' Ufiit ; V Commissibp on Human Resources ' /^-^ ■ ' % 

■ ^-^i^;; V. ■- ^r:- t: VV-v:.^:/-.,. ■ ^.^^V,- ^^^^ > ■ . :. ^ 

Coi\t en£ : Covex.s dempgraplnic, educatibnal., and professional charact^erlS/tics^ , 
. J' , o db c t o r^r;. stf i eil t f s^t s , and eng in^ e r s -7 a ge , s ex , pi ace '"o f b ir th pa dfe , * c: i t . 

' zensl^ip ^^(iiie.gtion_'^^^^^^ f ield , "dat'e , /and ' inet itut ion^ , labor forc-G-— 

" status ^ emp^^^ettt, by^ activity ,, empldyer (biroad industry 'group) , \ . 

acaciepiii:'. ^taC^cis , Laiation , /af 6a ^hationdl-^ln^ferest (energy", etc.),' and\, " 
sil|)p,ort by federal 'agency.. \Survey dupporCed .primarily by Nat i'oti^l -Science 
f •' " PoundatiOtjk; j^^^V / ^/ " " ■ • * w ' " '"'J . ; . ' " , ^,• ^. 

■ . •^Covergge , Suf^yey 'M^th6.d,,»^^ 'S^j^^ : vM'ail questionnaire survey ^tp sartiple 

>- of^^^idlvid^&s?^^ foV first' survey^ in ^19 7'3 . ^ 

is C'bntacJ:d)d'"e>jery«^-two "yearjs-^/ with *^add new classes of awardees . ' ' 

• Sample sel'ected^S^fom Hniyer~^| of doc*tqt:ate--a^ / ' 

Science F^uhdati^ B^dg^s.^ier. . Sample abauC -1 >inv5 j but^ st^at^if led "by* f ie.ld,' ; / 
; Y^^^ df degtee, ' sex,'^^srz,S (5fr /ij4st,itutaon'. ,.■ Response rate" in 1975 ' , 

^ 'about *70%- '.fcRasporiset'lia'^S been, dn^^nerai simiiar a.ci^:Q$s strat if icat ion--er'rprs : • 
. * ,' are' sxiown in''^1^75v:,rep5t,lt'V . Thirdrsur^ 1977 underway r * . . / 

u .Reference Dace ? Fe^i^aryHM^rfM'i/ - , ■- . •> :, . ' • ' * 

'1 . * Ftdquency - Biennial. «6 W ' » "-v V > Tv -m • ' - ' * ' 

= " Whel^ Available : - A\ year afti|:t';,suryey: ' ■ ' - *' . . . ' .V.- ' 

ClasSjir icatic3ns':; .,Natio^ial Research CnUncil/wationaF ScUencev-Found§tion fields . 
. of- doc^dratev gward^' and ejnpioyiftenrt .. '.'-- *■:.•". . i-' .,- .' • , " ' v'-. 

- ■ 1j . ''^..^ ;^v/ r - . . • 

■ Foer ms and Re pp r t s : ; "QugsMonn^iTe i^ .1975 ^report . j^octpral* Scientists ^nd Engineers. • 
' in t.I\e United Sj:at:es--1^7^" fr'of il^e, ' . .Nationa^^ (NRC),, - yharac- 

if teristics . o.f Do ct'aral' -Scientists, a^d ^Engljfieers '^n ith.e; United Stated , ;-1975J |»> 

, National Soienc^' 'Foundation .'/-Bbth^ NRC and ^.NSF have/ptoduced other reports ■^>"- 
" . from^this 'data- source-. ", *i V ^" "^ , * '. ■ ' - • } . .^}^' * -.i^ 

„ Eval'ijatiojh .Commentary \ This ' serieS^o^^^^ry^y :is' th^^M^f initiVe oiie! .Cov'^tit]^ 'Scieace- 
/a^d engineering docjjocaites'; -$pme^prj^|^s^siqnal edc^^ s.elect'e^ •^ppula--^'^ . 

* ' ' tion^ . S'am'ple "s iz^^r^J^i^s r^riafeili-ty -fpr Very Vm^all*; ^ 

. . ^can^lD^e "enh^inced. t'Q product ''beftj^?"\,4at a in"^ ^ Det^obn c'6mputer . 

"•V^-tapesj.^thu^ additional tabulat ior\^'^\'ari- be obtarneS .. Separate data "c^^ energy// 

\' -.--o- " ' ■ ' • " ■ .■■ ' '.^^ 

^ • • ■ , . ' . , ■ * -1. ..<,.' ■ . . . >, ° _ ■ . 



(^FEDERAL FUNDS FOR RESEARCH, DEVELOPIfUNT , AND OTHER f^TENTIFIC ACTIVITIES , 
'^RtSCAL YE^RS 1976, 1977, 1978~NATIONAL SCIENCE FOUNDATION' 



National Science Foundation - .*1PP \ 5. 



Unit;. Division of Science Resources Studies ^ 

- \ - 



EtVscrtptl i Pyi : 

V . . . . ' • . . ^. ^, . 

Content : Twenty-f if th, annual report on Federa>^fAjnds for R&D by: agency, 
"character of work ( R-D-Basic-Applied and R&D /lant) perfornjer (Uift^^rtineTit: 
and Bureau) , field of science (life science^/ electrical engineering — but * — 
no ^nergy break) rese,arch at universities b"y agency and* field of science, 
foreign perf ormers* (regiort , country, agency)', geographic distribution by state; 
Historical data available on outlays and obligations 1967-77 (some from I960'). » 

Coverage, Survey Method , Sources , Sample : . Mail si4,r\i^y forms to 35 Federal agen- 
A - cies and subdi^sions (93 respondents) on bbligations and putlays incurred ior 
R&D. Information supplemented by Office of Managetnenfi and Budget reports sub-- 
mitted by agencies ©n R&D activities arid expetiditures (as contained in 0MB' 
special analysis "P" — ''Federal R&D Programs''). - ■ ^ ■ 

. ' ^ ' ^ . • . -\ ' ! 

Refe^rence Date ; . Fiscal Years 1976, 1977, 1978* ^ - ' 

• • - .. •■ ^ . ^ •■ -.. . 

• Freqiiency : Annual ' ' * , 

' [ ^ ' • .- , 

When Available: November 1977 (Statis al Tables) . * . 

Class if icat ions : NSF fields of science and character of work - 

Forms and Reports : Form not shown in report 'but obtainable from National ScTence . 
Foundation represent 3 years estimates (revised and updated^ each yearS^'for ^ 
R&D by headings in, this report. Federal 'Funds for Researph^ Development and 
^ Other Scientific Act ivit ies , Fiscal Years 1976. '1977 , and 1978, Vol. XXVI , 
NSF (in press). This volume includes PART I (R&D funds) 'and PART II (funds 
associated with collection and dissemination of scientific and technical info) ; 
contains analysis; charts, summary current and historj.cal tables and is supple- 
mented by Appendix volumes showing detailed statistical data. Detailed Statis—- 
tjcal Tables (Appendices C and D) NSF 77-317. . , ^ • 

Evaluation Commentary : There are potential substantial differences in r^esponse 
among agencies owing 'to imprecision of concept and judgmental decisions in 
classification. There are wide differences within , agfenc ies and among bureaiis 
in identifying HrM) and distinguishing one type f^om another, and among individ- 
uals within same unit in.Tfraking such classifications for different reporting 
requirements or over ti^. Nevertheless, the series i's probably still best I 
indication of R&D funding itiagnitudes by Federal Government and for other dis- 
tributions. shown^L ,Sp'ecial identif ic^ion of energy R&D is no*t obtained 
specifically from /his survey,. but is Vdentif ied by NSF staff (see^NSF-A) . 



. FEDERAL -R&IX'HJNDING-BY;^ FUNCTION , 

Agency : , Nat k:)nal Science Foundat x6u ^NSF);^ ^, ; ^ 

JJnit ; vDiJ/isi^n o^f -Science Resources St^idles ..v " ' . 

ent i Federal obligations for R&D are classified by J5 niaj'Ar and 3A 
sub- f unc tions ( including /'energy, de\«2lopinent and conversion").- ^Eacli set of 
R&D dollars is classified into 'a single., function.- Data available for fiscal 
years 196^-78 and classified by funct>Lori and agency. "Data are presented in, 
^3-year series, with last '2 years estimated on basis of Pres ident. * s ^budget . 
Data also shown by substantial detail of pVogram's within the 'sub-functions . 

. ■ >W ' v. .1 "■ 

Coverage, Survey Method, .Sources, Sample : Federal obligations Classified 
by NSF staff using*^ categories developed by National -^Science Foundation w-ith 
aid of Office of Management . and Budget. Obligations, data were collected / 
from /Agencies as responses to regular (annual) survey of Fed>ft.r;il funds. ^ ^ 
Data Jclass if ied' by function, on basis of detailed bud^et^ requests. " 

Reference Datef Fiscal 'year 



frequency : Annual ' ° - \ , , 

When Available : 9 months af ter 'President' s budget. ^ 

CJassif ica tions : National Science Foundati6n for , R&D and fields of scie,nce; 

National Science Foundation/Office of Management Budget: functions: 



F orm^- and Reports : Annual Report On Analysis of Federal R&D Funding "by Function 
1969-78:, . . ~ ^ ^ ' ' " ' ' ^ 

Evaluation Commentary : ' Practically' full s£^le coverage of R&D funding by Federal 
agencies. Data not strictly comparable over y.ears because of change. in func- 
tional categories. Federal dollars classified int!o Separate functional cate- 
gories and thus no multiple classification, ii available.' Separate data on ' 
energy provided. , ' ' 



B -^.A8^^^ 



N6F '3 



ENERG^S^^&D IN FEDERAL INSTALLATIONS. 

yVgency : ^Clonal Science Foundation (NSF) ' 

Unit: Division of Science Resources Studies (' \ 

• ■ .. ^ ... 'A..., . ) • ■ 

Description ; J ^ " ' " . 

Conten^t : R&D spending And R^D manpowej: in energy and energy-related pro- 
• ^ grams in" Federal' ins talldt ions . R&D dollars classified by energy source (oil, 
coal, nuclear, conseryati^pn, environmental control, etc.) by installation and 
agency. P^tsonnel in R&D classified by broad occupation, energy source and 
selected installation. Projections of R&D dollars also made. 

' Coverage, Survey Method, Sources, Sample :^ Questionnaire survey mailed by 

NSF to Federal agencies involved in energy R&D. Survey was not on samp^e^ ^ 
rather it was for full coverage of agenci'es reporting". intramural energy \R&D 
acerbities in regular 'NSF survey of Federal R&D funding ' 



Reference Date; 



Fiscal years 1973-75' 



Frequency : Single time 
When .Available :, One year after 



■i 



Forms and Reports :' Energy and Energy^-Related R&D ■Act|ivitles of Federal Installa - 
tions and Federallj^unded R&D Centers (NSF 76-304). 

Evaluation Cpmmentary : This may ttave been a single bime survey. It Vas con- 
ducted about the end of''1974 — a period of planning and the early implemen- 
tation "of '^Proj'ect Independence.*', Its coverage was fairly complete and 
reporting good, Howev,er, there dre no -present pjlans to conduct another 
surveys — "pressure of priorities" — within NSF, 
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, -nsf' 4 „■ ; . 

RESEARCH -AND DEVELOPMENT JN INDUSTRY 1974 



Agency ; National Science Foundation (NSF) 

Unit : V Division of Science Resources Studies 

Description : ^ 



■ / 



Content : Latest (as of 9/76) in largely knnual series (20th since 1953) on r 
R&D expenditures in private industrial firm^. Funds for R&D are given by: 
source, industry, siz'e. af . company (sales and employment), geographic distribu^ 
tion, basic versus applied-, energy and pollution abatem^t R&D (funds— no 
employment data) , employment of R&D scientists and engineers by industry, 
Federally-funded R&D centers. Historical da?a shown to 1953 or 1964 for some 
series, . . . • 

APPENDIX: Technotes, detailed statistical tables and survey form. Some 
additional deta^ of R&D employment by industry, cost per R&D scientist, 
percent of R&D employment to total employment, but no 'energy, employment data. 

Coverage, Survey Method, Sources, Sample : Mail survey of 1400 companies rep- 
resenting stratified sample of all^ manufacturing and noh-manuf ac tur ing indus- 
tries known to fund R&D, Survey unit = company. Standard error less than 1% 
on^otals, up to 7% for industi;ies, up to 47% for compa-jiies ^ith under 1000 em 
ployees*; substantial comparability over time, partictilarly adjacent years. 
Limited coverage on energy: funds shown for energy industries (but no employ- 
ment) by Federal and company, for fossil (by fuel) nuclear (by fission or non- 
fission) and other energy, (solaiij:, geothermal)', ^ , ' • 

Reference Date : Year 1974 (for $).; January 1975 .fpr employment 

Frequency :' Annual ' # 

When Mailable : - September 1,976 - (Pi;ef ace date) , 

Classifications : 1967 Standard Industrial Classification 

Forms and Reports :' Research ajff^A Development in Industry, 1974 , NSF 76-322; 

Highlights — Energy Irlcii(ease of 18 P><cent" Leads Industrial RgP Spending in 
1975, NSF 76-324, Forms 1d-1, RD-3, R1)-11 ate reproduced In principal reports 

Evaluation Commentary : This-^survey (and its predecessors and related reports,, ■ 
listed above) is the definitive measure of R&D spending and employment and; 
establishes the order of magnitude of the totals and industry distribution 
(up to 5 digits Standard Industrial Classif ic>ation f or'^selected industry)^- 
One major weakness is^.thaf the reporting unit is accompany rather than an 
es*t ab Irishmen t , Useful -spending data on^^ergy and anti-pollutipn' industries 
(basically 2-digit SIC) are limited by Ta'ck of comparable manpower data or 
even basis for relating funds to employment. Inclusion of energy employment ' 
Guery in future .c^nrvg^ would be useful 'if even only one tim^, as would sub- 
dample aski.ng for occupational detail, 'These would show magnitude dealj:^ 
-with now known only vaguely, give basis for relating future R&D funds in 
■efiergy to manpower component, and identify principal occupations in now only 
surmise(^ broad array of energy R&D occupations, . 



. NSF 5 



RESEARCH AND. DEVELOPMENT IN STATE HOVER^JMENT AGENCIES 

Agency ; National Science^oundat ion (NSF) 

Unit ; Diviisioh of Sjci^ence Rejources Studies 

Description : ^ 



Content : A periodic survey of R&D activities of S,tate Government agencies 
which . collects information on a project basis of such 'activities including: 
name of project; character of. work (t^^ic, applied development); field of''^ 
science; financial support by source (other agencies, industry, universities, 
etc.); expenditures for R&D plant; man-years of R&D employn]ent of scientists, 
engineers, and technicians; support by Federal agency. Functional areas> 
(health, natural resources, transportation, etc.') are identified by agency 
subdivision — -but no energy 'area. ^ . ^ 

Coverage, Survey Itethod , Sources, Sample : Agencies of State governments' 
ident*ified from p^t Surveys of National Science Foundation and Bureau of 
Labor Statistics a™ review. by individual State budget officers. Mail ques- 
tionnaires sent to State by' Bureau pf the Census under contract with National 
Science Foundation. Init ial^unlverse of 1309 units was reduced to 1276 as a-^" 
result of reorganizations and phase-outs. Response v^as 98% with ^1% of these 
indicating R&D activities. Last survey qonducted covered fiscal/years 1972 
and'T.973. Reporting of activities was l^y prbj ect 'within agency 'subdivision. 



/ 



Reference Date : .Fiscal ,yeaV 
■ Frequency : Periodic — 3-4 years 
- Wh e n A V a 1 1 ab.l e ; 



l''year after survey 



Classifications : 



NSF fields of science and other 'categories « . 

Research and D'e velo'pment in State Government Agencies / 
Fiscal Years 1972 and 1973 (questionnaire included in report), NSF 75-303. 



Forma, and Reports: 



/ 

: . V. ■ - iT 

Evaluation Commentary : Coverage of individual State- agencies was good — 98%Apf 

identified units. ^ Unclear ^as to how rand' 9y whom units engaged in R&D were • 
'identified. Survey coAduct^^; only every , 3-4 years leaves a ignif icr^nt gap 
in changes in State ag'en^ff^t^jpriQr iti-^s f or R&D. Energy was, not really very 
.visible in 1973. , ■ " ' • r ' 



. NSF 6 . 

EXPENDITURES FOR . SCIENTIFIC ACTIVITIES AT UNIVER5ITIES AND COLLEGES 

Agency ; National Science Foundation (NSF) • ^ • 

Unit Division of Science Resources Studies „ • 

Description: . ' " . 

'' ~ - 

Content : Current expenditures for' research and development in sci^ence and 
-engineering by source of funds, character of work (basic and applied reso-arch^ 
V •development ) , field of scieA^e, institutional control (public/private), zype" 
df institution (level of degree granted) geographic location, capital expen- J 
ditures for research, development and instruction, and expenditures for 
instruction and department,*il research in graduate-degree-granting institutions. 
Similar data are obtained for llfederally- Funded Research & Development Centers 
(FFRDC's) administered by universities. 

Coverage, Survey Method, Soiurc^s , Sample : -Mail que^ionnaire* survey in univer- • 
*, sities ancj colleges — all institutions granting graduate degrees in science^ or ^> ^ 
. engineering and all others with^$50,Ob6 in R^fB^expenditures The 19,75 survey 
t/ covered 540 universities and cp.lleges and 22 FFRDC's — covering 99% of all R&D 
in academic institutions. Eleven schools did not respond but imputations were*' 
made for these institutions. - 

Reference Date: Fiscal year 

i . • ' , 

' ^ >^ Frequency : Annual (1975 was 10th? 

V. , ■ . 

When Available : About one' year after survey 

■ " '1 . ^ ■ ■ ■ ^ ' V 

Classifications : National Science Foundation/Office of Management and Budget's ) 
fields of science; National Center for Education Statistics/National Sciei)<ce 



Foundation s classes of institutions. 



■ Forms .and Reports : Questionnaire included in primary repi^rt^ Exp^n^/itures for 

Scientific Activities at Universities and Colleges ^Fy 1975 (alsd a companion 
■~ report Detailed. Statistical Tables for same survey) .- Data also are^abstracted 
for use in . Natiojial Patterns of R&D Resources (N3F-9) . 

Evalua t ion C omment^y : This is the' defanitive survey collection on R&D spending 
' 'in univers it>Les- and colleges . -The survey does not provide separate data on 

u"hiversity {l&D expenditures in energy areas", but provides the background totals 
for all- R&D. A companion survey provides dat^ on .professional staff in science 
and engineering employea^n universities and colleges (No. separate data on 
energy). (See 'NSF~12 , ) ./ . , ' . 



NSF 7^ . ' 

FEDERiVL SUPPORT OF RESEARCH IN UNIVERSIXIES AND'' NONPROFIT bRGANIZATIONS 



Agency ; National' Science Foundation (NSF> 

Unit ;- Division of Science Resources St^udies i 

Description ; . - • 



• ■ , - -> ■ 

Content: Information on Feder^ support of research and research facilities 
I ±n universities* colleges, and selected n^onprofit organizations" is computed 
by National Science ^'oundation from other Federal ' agencies,. In addition, . 
information is collected on all other scientific activities and nonscientif ic""' 
activities, e.g., irj^structional -equipmejit , training grants and fellow^ips and 
general science support. Data .are categorized By field of science, i^titu- 
tion, agency, type of activity, geographic locat ion da^ are in t^rms of 
dollar allocations. The report is mandated under the enabling act of the 
Foundation. ^ . % 

Coverage, Survey Method, Sources, Sample: ' Data are collected from 14- Federal 
^agencies representing an esVimated^ 99% iof all Federal R&D .support and 95% of 
all Federal support to stich institutions. Data are separated by each educa- 
ticJnal institution and are available on 122 selected nonprofit organizations 
and seven .Federally-funded R&D centers. « ' . . 

- Reference Date : Fiscal year • ' ; 

• ^ • / 

Frequency : Annual ^ ' . , , I 

■t ' ' , ' '<!^ ^ ' ^ 

Wien Available : About 1 year following cl,ose of fi'scaj year 

^ ■ . . ^ ■ ■'. • ' ^ • -^^^ ■ . ^ ■ . 

Classifications : National Science Foundation -fields and categories of R^D 

Forms and Reports : Annual report to. President and Congress Fed°eral Sup port to. 
Universities, Colleges, and Selected Nonp;;:ofit Institutions, FY- 1974 (NSF. 
-77-303) .; . ^ ^ 

Evaluation Commentary- : Data , cover obi i^^at ions made, by. 14 agem: ies- representing 
99% of all Federal R&D support to sikh institutions. No separate data on' 
energy. ' ' ~ 
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. RESEARCH & DEVELOPMENT SPENDING BY NONPROFIT ORGANIZATIONS) * 

•• • ■ ■ ■ / 

Agency : National Science Foundation (NSF) ' ^ f 

^ Unit: Division of Science Resources Studies ^ ' •/ 



Descxliptio n : ■ ' - • • ^ - , . 

Content : Research and . development spending , and employmentVby type of organi- 
zation (research institute, museum, etp.). geeg^aph'ic locataon , levg l of- 
education (of scientists and engineers). Also data obtainM^'oT capitaT^ex- 
>«^()enditures for R&D, R&D spending by" source of ^f unJs TPed^^ f oundat ions\, • " ^ 
etc.), ar^d' field o"f science. Data cover hty^ intramupal operatibns and^va/ds 
made tou^^ers by these nonprofit organizations. * 

Coverage,. Survey Method, Sources, Sample : Mail questionnaire ,to nonprofit 
organizations possibly spe^^^Kng at least $3>pO,000. annually On R&D. Covers' 
* research institution, voluntary hospitals, private foundations^- associations 
and socidt^ies, etc. In 1973 survey, survey mailed to 664 org^ianizations 
(some 220 removed as not applicable) and responses received' frpm 294 or 66%—^ 
estimates made for 150 nonrespondents . ' ^ 

y Referei\ce Date : Fiscal year ^ 

Frequenc^^ : Periodic (3-4 years) , , ' ' . 

When Available -: About one year after.' 

" / Clc^sif icat ions : . National Science Foundation fields of science' "and categories 
' ^f organizations. ' * ^ ^ ' 

:3k ^ •■ * 

Forms and Reports : Research &. Development ^Activities of Independ\^nt Nonprofi t^ 
Institutions , ' 1973 (questionnaire included) , NSF 757308. 

Evaluation Coimnentary : Survey not conducted except as polarities allow — every 
3-4 years. Last survey w^s for FY 197*3. Difficult to obtain and keep current 
^possible universe, nonresppnse stibstanCial atid estimates for nonrespondents 
questionable. No separ^^ie* data on-'energy^ 

"\ - ' ' ' -' . 

' .1/ * 



/'national PATTEI^S'OF R&D' resources : 'FUNDS AfID MANPOWER 

Agency : I^atiqnal Science. Foundation -(NSF) ' ^ 

' Sti 



Unit;: ./ Division of Science Resoutces S^tudies 



Description ; 



Content ; Aa. anmial compilation of Hata on R&D funding* and scientific* and 



technical manpower • in R&D. Each report contains/trGnds on these factors since 
data were first collected in various economic sectors, /e,g. , 1976 report '^con-r 
tai-ns- 1953-76 information. All da^a ai?e -from anhual and other periodic sdrveys 
of R&D undertaken by Science Resources gtudies (WSF) . Data are all in summary 
/•form, ,but' inclut^e oonfeiderable detail by sectop /)f economy, type of R&D, industry, 
and' oc^cupation. . 

Coverage, Sux^vey Method, Sources, Sample : OWerage of s<iector and periodicity 
of *data varies according ^to.. original sou:i:;^'^^f data . Industry and Federal 
Government (ti^o lar^e^t sectors) are afmual .'C Howeyer, this is- the standard^ 
Federal and natipnay s®urce of information on\il&D funding and .m'anpower. 



Re<f erence JDate : V^aried,. latest' data J <>/ \ 




Frequency : Annual(,->cpl]^ect ion V « \ • • . / ^ ^ 

When Available : ^Spring \ ^ ^. , * | 

Classifications : National Science Foundation classification'^ ^* 

FormG and Report s: Questionnaijes for sectoral surveys are with each separate col- 
lection. Annual report isCfeame title as. series ^(latest is NSF 77-310) . 

^ f ' ^ V . , - . , 

Evaluation' Commehtary : Data liraitaftions , comparability, etc'., vary by sector. 

Evaljjat-ion^commentary are included with in^vidual §ector surveys. 
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Agenc^y ^: National/ Science Foundation using datav^ob\t/tfined from the Civil Servic^ 
Cdmmission (CSC) I • • ; '/ " ^ . 

*Un4.t ;* Division-pf Science Resources/ Studies ' * 

Description: . * /- 

— ^ ' ■ ' ' - , }^ \. : ^ ^ 

Content :' Emplowient of persons classified as/seientists , engineers, tech- 
nicians and in heal'tflP fields by federal agencies . Data classified by occu- 
pational categories agencies , furiction (R&D) for some years, grade, and some 
geographic locations. . A new reporting system, w^ill bring^ data 'on educational " 
leve\(hy fielc^) and better reporting of work activities. Characteristics^ 
t^^la^^ in the ^Gentral Personnel Data File^^PDF) include: 
Lyi\. Service Commission occbx)ational serie.?,. 
b^ghfest degree , ... / ^ 

^ " ^) field ^pf highest degree, 

^) age., ^ 
' ' 5) function (shows R separate front D) , 

6) supervisoj^y and management sta(tus (new as^of June 1977), 

•SO ^ miojb^rity status, *" T^*^ ' , ' 

9) grade 'C«or equivalent for non-graoea) * 

10) agency (plus s6me siib^vision) , . 

11) state of employment, '. • 

12) \ salary plus some others,* e . g .,. veteran . ' ^ 
^ Acqessions and separations. taby-lat ion is from "Nat'ure of Action** ra^rts. , 

. Coverage ,^ Survey Method, Sources', Sample : Data secured by Na'tion^l . Sfclence 
*' Foundation from Civil Service Commission , tabulations made -^om annual oc.cupa- 
rional survey (usually made around^ first of the year). Civil Servqlce Commis- 
sion has developed' new repiorting system on pesrsons employed by ^ Federal agencies 
ijising a '^Central Personnel Data File" (CPDF) Present- collection covers prac-;, 
tica'iiy all agencies (except CIA, FBI and similar uilits) employing scientists 
and engineers • *• " * * • 

Reference - Date : January for annual survey ; periodic for CPDF inf^nnaJjion . 

^ /Frequency :s ^ Annual ] 

When Available : ^4\bout one year" . . » . - ' . 

Classification^^ Civil Service Commission occupational codes ajid gVade 'levels .. 

> ^Fonns and Reports : ^cienti^fic and Technical Personnel Emp^yed by the\^Federal 

Government , . Education and Work Activities oT Federal Scientific and Technical 
Personnel ' (NSF 76-308). ^estionnaiives used ar^ Civil Service Commission 
• report on. occupational employment . ' \ . ' ' ^ , 

^valuation Commentary ^'-^-Fracjiically full scale "coverage of Federal empipymentf >One 
' limiH:atio*i is that under old system of teportJLrig, persons were classified 'under 

standard .CiviT' Service Cojranission (CSC) occupatijonal codes and^ therefore, 
^ there was some itgcjerrepyf.tlng of scientists and engineej:^s emplo^'ed by agencies 
» : Xtjr^ose in administrative' j obs) . New 'reporting sysPtem eventually may be on 
^_^>^0ample basis fq(r^ large- agencies* No separate reporting on .energy—except for 
--^""^ em^xloyment in Energy Research & Development Admini'Stration and Federal . Energy 

Admijiistration as energy agencies. . ^ * 
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INDUSTRIAL EMPLOYMENT .OF •Sdl-ENTISTS AND ENCiNEERS' 
Agency ; Bureata of elmsus for, National Sgience Foundation 



Unit: Census-Ecoftomic Surveys Divis'ion; NSF~Science Resources Studies t)ivision " 



Description : 



Conteftt i Employment of scientists,^ engineers , and technicians ; by occupation, 
industry, and reporting by engagement in R&D activities. Serrate 'reporting 
by energy sourc^^^nd energy . stages (exploration, refining, etc ) 

Xoverage, Survey Method , Sources , Sample :' Mall que s 
By Census in mi'd-1975 for NS F . -->4amp 1 e design based 
.industries) divided into 5 emplo3rment sizes (altogeth 
humbervof. establishments chosen wa"s about 27,000 .(14, 
unit companies arid 12,700 to single unit>companies. 
Response rate was low (about 69%) . ; ' , • - . . y 

Reference Date :. Mar^h 1975 : - ' .-^y-y-' : 



pnna ire s ur vey cdnd uc t e d 
stratified groups- (31 ' 
10 5>)^^^ eotal 
, iO'e-^^elong t^,! 5358 multi- 
Several wfci^lbw-ups made. 



, " Frequency : Single time ' ' ^' ■ ■ ' ^\ 

w Wien Available ; . Early 1977 ■ ' : ^ ^ • ' " • ' /! 

J^orms and Reports : - Natipnal SciencV.Faund^Mbri^^ Private ^dustrv 

J) ; Employment of ^Scientj'sts; and Engineers i^^ 1975 Shows 5 Year Decjj i^rie (NSF 7 
^ : Current and Futiire Utilization >of ^Gi^ntificx3nd Te chnical ger^onnel i' 

• ^^nergy-Relatdd Adt fajLties. : (NSF .77-315) . . 



312) 



Evaluations Commentary ^ The survey was generally not^^gj/tcessf u\, Tfte 'r^ppnse 
' rate was low-ir-les^ t?k^n 70 p.ercent r There, were also numerous problems with 
^response" to Individual (questions on t/ie^ form, ,e.g . technician reporting'^and * 
levelyof .ecij^^tion of scientists and . engineers . V 'This survey of National 
•Sciente Foundation/Census was to restart a^program of collection onj industrial 
employment on all soientiets and .engineers ^and those' on ener^ wbi?^* 
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. ; . ; NSF 12 . . • 

SCIENTISTS AND* ENGINEERS .gMPLOYEJi BY UNIV^JRSITIES \aNI> JCOLLEGES 



Agency ; . Nationa^I Science FoundatioTi^ (NSF) 

. Unit: Division of Scien<:e Resources Studies 

Des'cription : • 




. Content : FulJ.- and po^rt-t ime. ^employment of scientists^ engineers, and tech- < 
nl/^ians 'by; Lrftiversities and . colleges and - J^eralty-Fb^ded Rese^arch and • .* ' 
t)fcvelopment Centers. v(FFRI)C 's) run ^y thei^^ Data bvailafole. by fi^ld of employ-*. 

.nfent^ functi^pn' (R&D, teaching and other) , by higliest degree attained, inst\tu~ ^ 
tibn, geographic loCationV type ifi)f institution (.level of degree granted,. -and 

. typ^e of control) . \ Employed graduate 'studeftts and pdst 'doctorates are included . 
with separate, data on former/ Sitjiilar data argj\ay^il»ahle back to 1965. 

Poverage ^v. SuTvey^M^ gources , S^ple : Purvey universe inbludes. all higher 

. education .in5=!t i tut ions (Including 2-year schools) epccept schools .of art, music, 
law, theology and' ofeberfe withouo programs in science or engineering. - January^ 
'19.76 purvey -mailed to \^1^' ins (or 87%) respondipg. Na^- 
tlonal •Science FouBdatioiy^^iyt^ foV 295 nonrespondenCs uslng'^past reports 

$^nd: other surrogates Th^ese es timates amount'ed ^to ab*out 7 percent of total 
employment o;f, -scientists an^ engineers . '. Doc'tbrate-granting institutions had 
pes^jqnse: rate . 6f 96^. ^ail'qiifest-ionnaixe used with some, telephgn-e follow-ups. , 

irence Date.; 



Frequency : y Annual 



January (mid-aca'demic yean) 



Whe 



n Available : - About 



: one year after n,^iii;^vey-' 



Class if j.cg{tions^ Nationa^r Science Foundation f ields of*^ employmemt and /^Lds 
of sc^*nce, level of degrees. 

Forms and Regorts : Manpower Resources for Scientific Activities at UniversiJ^ies 
ahd Colleges, Jan. 1976 (NSF 77-308.) plir^ a report with detailed statj^lcal 
tables fo,r each year. . - . ' s ' ■ - ^ 



Evaluation' Commentary : Beginningf^n January^ 1975, survey mailed 
institutions ; prior . to that , smaller institutions <in terns^ 
. o?^>R&D$) were sampled.. Survey now prqvides comprehensive rc 
^ "segment of .^acieatif i^and technical ejnployment . . ■ Nq se()arat( 
^ ' for energy activltiiiC - " j 



nearly all -.a 
^f degrees granted 
rting of this 
ata provided' 



> 
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GRADUATE SCIENCE- STUDENT SUI*PORT AND 'POSTDOCTORALS 

Agerfcy : Nat lonal .Science. Foundation (NSF) • ' 

Unit : Division of Science Resources Studies . * 

^ ^' ■ ■ ' 
Description :^^ ' * /' " 

Content : Numbers of graduate science students and pos tdoc torals and/or' 
research a^^so^riates in all science Ph . D granting institutions are reported 
by departments (also 105 medical schools). ^Data given by ' department , level 
of study, mechanism of support (fellowship, traineeship, etc .'),' source of 
stucj'ent support (Federal agen(?y, institution, foreign, self and family, etc.) 
for fulk-time 'students . - Postdoctorals and research associates are shown by* 
department and source .t5f support. ' Counts/of part-time students (not by 
support) also given. 

Coverage, Survey Method, -Sources, Sample :.. Data collected in fall 1976' for 
1482 masters and 6289 doctorate level departments in science . and'' engineering 
in 361 Ph .D-granting schools (including lO'^ medical schools) and 1504 depart- 
ments in 326 master's granting institutions. Schools granting less than 
doctorate in science and engineering not covered.. The main survey is pre- 
ceded by small sample "qu ickie"- survey to giv^preliminary m'&i^ure before 
end of calendar jear of numbers of students enrolled. ' . ^ 

Reference Date : Ac^ademic year' 

X '■ 

i - - . ' ^• 

Frequency : ' Annual ^ ... 

When Available : ' Main survey result s' about 9 months after collection.. 

Classi r icat i ons : National Science Foundation fie ral of science categories. 

Forms and Reports NSF data released in series Selence Resources- Studies High- 
) lights > Fulf data- released in reports on' Detailed Statistical Tables 
(see NSF 11-1>\^, in press). Questionnaire and instructions in reports. 

Evaluati on Commentary : Survey beginning in 1975 covers all ins ti'tut ions granting 
-master's or doctorate degrees in science or engineering. Does not show any 
data by energy categories— only standard NSF field breaks. Data do not com-'" 
pare directly ^7ith'*^at ional Center for Education S tat is t ics^ da t a on graduate 
students because of coverage and fields. ** : 
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l972- PROFESSIONAL, TECHNICAL, AND SCIENTIFIC MANPOWER SURVEY (ROSTCENSAL SURVEY) 

AgeQcy : National Science Foundation (NSF)- 

Unic: Division of Science ^ReseaVch^^SEudies • . 

\ ' ~ r 

Description ; ^ ^ ^ . , 

Content: Demographic, educational, professional and employment-re latecj 
characteristics of scientists, engineers and technicians and pet^sons with 
training in t-hese fields identified through the 1970 Census of Pppulatipn. 
Survey, covered two time-periods — ]. 9 70, and 1972 — employment, education and pro- 
fessional! data including employment s tatus ,. occupation , industry, and work 
activities of employment, field of education and level of degree, student 
status, marital status, sex, ag^', place of birth, etc. 

Coverage, Survey Method-, Sources, Sample : . A national sample p.f.over 150,000 
persons was selected from ^records of the 1970 Census. These .persons were coded 
by th^ Census in the experienced civilian labot^force in scientific, engineering, 
• technical •and related occupations. * In addition,- a small s-ample of persons ' 
with 4 or more' years of college, but in other occupations, was alsp., included". 
Mail questionnaire used by the Census resulted in approximate 70% response rate . 
Full description ' of survey methodology^ questionnaire, sampling, etc. is shown 
in reports listed below. 

. 'Reference Date : 1970 and 1^72 

. Frequency : Single time (subsequently redesigned and conducted biennially as. 
National Sample of scientist's and eng-^-neers. See NSF 15.) ■ 
l^en Available: 1974 

. ' , 

Classifications : Census occupations; ?^ISF categories of fields. 

Forms and Reports : Questionnaire included in primary reports. Primary repgrts . 

issued were Selected Characteristics of Five Engineering and Scientific Occu - 
pational "Groups . 1972 , NSF 73-306, The 1972 Scientist and Engineer Population 
Redefined , (2 volumes and appendix), NSF 75-313 and 75-327. Census published 
two reports on the survey' which include information on the methodology and 
sample: Persons In Engineering, Scientific,' and technical Occupations: 1970 
and 1972 , Current Population Reports P-23.No.' 45, and Chajrac ter is tics of 
Persons in Engineering and Scientific Occupations; 1972 , Technical Paper No. 33. 

Evaluation Commentary : Includes only persons originally included in sample from 
1970 census ; therefore excludes new. entrants past that point. Sample for most 
major occupational groups generally large enough for most analyses with one. 
'exception. The sample was too small for the group of persons with 4 or more 
years of college but not currently (1972) working as scientists and engineers-. 
The total sample, however, is the only national available group of persons 
trained in or working as scientists or engineers. The sample was surveyed 
again in 1974 and 1976 and will be resurveyed in 1978. See NSF-15. Separate 
data provided on energy involvement. ^ , - 
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• . NATIONAL SA>rPLE OF SCIENTISTS AND ENGINEERS , • . • • 



Agency : N a t i o nal Science Foun dat-i j3 i^HS F ) 

Unit: Division of Science Resoi^^^ Studies 



4 



Description 

^ Content This, is a series of surveys ^f a national sample -of scientists and 

— engineers cbased on the 1972 Postcensal survey conducted by Census for NSF. 

Surveys will' be conducted every ;two ^years beginning 1974. Survey questions 
include educational 'attsiinineqt sinCe 1971, work status Tor January of each of 
two years,, occupation, location of work, work activities, salary, sponsorship'^ 
under l^ederal funds, and employment on national programs, including energy. 

Coverage, Survey Method, Sources, Sample : The sample was that used in 1972 
Postcensal which in turn was based on or drawn from the 1970 Decennial Census 
(19 72 sample was 150,000 persons). Based- on -responses to the 1972 survey and 
criteria established by National Science .-^Foundation, about 51,000 persons were 
surveyed in 1974. MaiL questionnaires were used. Completed, questionnaires 
were received frop 44,000 or 87.7%. Th'e survey, methodology sample, and cs^erage 
are discussed in the primary* report on the^ 1974 guryey. ' . ■ 
< ' -, . . » 

Reference Date : Spring ' . ■ * . 

Frequency : •. Biennial » . 

■ ^ - ' ■ ^" ■ ' ' ■ 

When Available : About one year after survey. - • 

■ {■ . ' * ' ' * f' ' 

Classif ic-^taons ; Census/National Science Foundation occupations, degrees, 
- industries. ^/ 

Forms and Reports : | Slurvey quest ionnaire included in reports. Characteristics of 
the NatioT^l Sa^jfiple of Scientists and Engineers, 1974^ NSF (Par^ 1-Demographic 
and educational* Part 2«-"employmfent j and Part 3-geographic) , NSF 75^3^ , 76-323, 
and 76-3^0. Several other related National Science- Foundafion .report^. 

Selected Characteristics of Persons in, Fields of ^ Science and Scienc^ and 
Engineering, -1974 and Current Population Reports, Special Reporti.c: ^ P^9'\ ^ M o . 5 3 

Evaluation Commentary : 'The original Postcertsal survey ■i;epresented 1,400,000^ 

scientists and engineers. After accounting for those who did not meet National 
Science Foundation criteria, did not respond, died, or moved out of science 
and engineering, some 1,080,D0I) scientists and engineers were represented in 
the 1974 survey. The technid^l notes in the main survey repprt (regarding 
above) contain discussions of methodology, sampling, limitations, weighting 
and estimating, and ^standard errors. The National ' Sample surveys are the only 
current collections covering this large a proportion ol^ all scientists and 
engineers. However, its main limitations are the lack of new entrants since 
1970. Separate data are provided on energy involvement . 
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IMMIuRATION OF ENGINEERS AND SCIENTISTS ' 

Agency : National Science Foundation (NSF) . . 

Unix : Division bf ^Science Resptirces Studies, using data from the Immigration 
and Naturalization Service (INS) i 

-Description: ^ ^ 



Content- : Information^ qn the lumbers of persons becoming or entering the 
U.S., as immigrants, who were also classified as scientists and engineers, ^ 
is obtained by NSF from the Immigration and Naturalization^.Se.rvice (INS) . 
Persons are classified as scientists and engineers^ on the *basis of their 
declaration on their visas. However, their employment status^and occupation 
in the U.S. is not determined. Information available on these persons in- 
cludes year of entry or change of status, country of origin, country of last 
permanent residence. Data are available in various d^egreefe of completeness ^ 
for more than 15 years. ' " " * / 

Coverage, Survey Method, Sources, Sample : The sources'* of data for numbers : 
of persons obtaining immigrant status are several. The primary group is those 
persons entering the U.^S. on immigrant visas, intend4-ng to become permanexit 
residents/. In addition, substantial numbers fjrom foreign countries already in 
the U.S. change ''to imi^igrant status. These incl4ide students, temporary visi- 
tors, etc. The raw fiata on immigrants is furnished by INS to the , NSF which 
■ analyzes and publishes informgition on the subject. Tt^ onlj/ "questionnaire" 
used is the application for -imrp^igrant visa or a simila^'" f ortn* 

. Reference Date : Fiscal year ' . 

- Frequency :^ Annual ;^ ^ * . 

When Available : One year after close of fi§&al year. ^' ^ 

Forms and Reports : The National Science Foundation (NSF) periodically releases * 

special tabulations and analyses through'^e two series. Highlights and 
- y Reviews of Data on Scienca- Resources , and by other reports. ' The last • 

'release of information was in February" 1977 , /y/hich .contained information for 
the period 1966-75, Scientists and Engineers ■ from Abroad: Trends of^ the ' 
Past Decade, ^196.6-75 (NSF 77-305) . Also , see^Annual Report, of (3ommissioner 
of Immigration and Naturalization (INSrvl) and (NSF 19) 



Evaluation Commentary : The information on numbers of oersons entering the U.S 
> as permanent immigrants or changing status .to immigrants obtained by the 
NSF from INS is alffiost complete. However, tbe d4ta on occupation of immi- 
grants is questionable. First, the original clarification is based- on 
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NSF 16 (Cont'd) 



immigrant declaration"* of occupation withip country of origin. Secoftd, 
there are no data on the current employment status or^ occupation^ of the$e 
persons, e.g., one can enter as an "engineer" but never be employed — as 

. an engin.eer or anything else. -The flow of immigt^nts over the years has 
varied in terms of ^ totals, occupa^tions, and country of origin as immigratio 
policies changed. One . important policy has been the restriction based on 

, unemployment problems in the United States. Immigrants can enter under 
special occupational preferences only if^their presence In the U.S. doesn't 
impact employment chances for U .S . -^citizens. Illegal immigration, which 
is b^elieved ^.to be substantial, is not. covered, of course. It is likely, 
however, that relatively few scientists and engineers come in illegally; 
'more may change s'tatus' on a questionable basis once they have ent^ered as 
fetudehts or temporary visitors. - 



, NSf 17 • • 

RESEARCH' AND DEVELOPMENT IN LOCAL GOVERNMENTS 



Agency : National Science Foundation (NSF) ^ . • 

Unit: Division of Science Resources Studies 

Description : , * ^? ' * ' * • — 

•Content : • ^.rveys of ^ifese activities were made covering Fisca-1 Years 1966 
and 1967 and Fiscal Years' 1968 and 1969'. These collecCionS'-were made by the 
Bureau of Census *for National Science Foundation. Local gov"?(ia;nent units 
reported on a separate project basis the followirrg: . name. and description of 
project; character of work (basic, applied , etc.); "field of science ;^source 
pf f^nds (Federal, State local , etc .); - R&D. plant ; and amount of R&D per- 
fontied by other organizations. Separate *data were obtained also on man-years 
of R&D employment for scientists ^nd engineers, -techniciaqs , and all other 
• 'persoq/iel . . ; ^ " ' * . • 

* . ' . ' . / ^ ' ■ 

Coverage, Survey Method, Sources', Sample : A universe of the more than 80,000 
local governmental, units was used in this collection. - The sample was strati- 
fied by six types of units^'-municipalities , counties, independent school 
districts, special districts, hospital districts, and' townsl^ips — and by size 
of units (counties with 250 , 000 populc^ion , 100 largest hpspital districts 
in terms of expenditures). In all, 716 independent units and ^-307 dependent 
agencies jof larger units were mailed questionnaiores . 

Reference Date : Fi^c'^l Y^ars „ , ■ . . ' 

Frequency :- Beriocii3^;r^](^i ast for 1968 and 1969) 

When Ava'M'abfe: Cne year aft.er collection . " • 

Forms and Reports: Re^search and Development in Local Governments, Fiscal Years 
1968 and 1969 ,. NSF 71-6. (Similar report covering FY 1966 and 1967.) Ques- 
tionnaires and instructions are included in reports* 

Evaltiatioh Commentary : The s-urvey was fairly sUc.cess^i^l terms of coverage 
of unirts and data collected. A new survfey covering FY 1977 is in planning 
' by NSF and Census. The 1968/1969 survey accounted for a total of $40 million 
(about one-half of which was supported by Federal funds) and. about^ 2 , 600 
full-time equivalent personnel (about 40 ui^rcent were scientists and engi^ 
neers) . Though- this is an ext^mely small portion of total national R&D, 
this segment has not been . measur^ed since 1969. Also, no information on ^ 
energy R&D activities has been collected for these agencies. 



^ ' \ ' NSF IS 

NEW ENTRANTS /SURVEY OF RECENT COLLEGE GHADUATES 



Agency^ : ^ajg/onal Stience ^Foundation (NSF) - ' ; ■' 

'l 'Unit : ^iyision of ScierCqe Resources Studies ' " . * 

Description ; . . . ^ . 

■ Consent : In 1976, this surve^ of bai^helor'^ and masterVs degree recipients 
' . of aca^emic^^^years 1974 and 1975 was 4onducted by^ Westat,.Inc. for NSF.^ Among 

tl^e data collected ^were : ^ge, sex, citizenship-,' race, date and field of degree 
. . ; received, employment status,^ general type of employment (business , education, 
.•government), work activity (research, teaching , etc .) , employment on topics 
of critical national inter:est (health, defense, energy and ^fuel, etc:.)> sup- . 
p.or;t by -Federal agency, and current student status. 

:Coverage, Survey . Method , Sources, Sample : A two-stage* sampling procedure was 
, /^.^.-d-esigned for this study. The first stage consisted of a sample of all colleges 
"^aitd universities offering a bachelor's or master's degree in science and/or . 

engineering, producing 365 institutions for this study,' From this sample, 
; appft^oximately 7,000 bachelor's* degree holders and. 1,000 master's degree 
./ holders were selected for each academic year. The sample of graduates was 
•selected from computer-generated^lists ofgraduates or. graduation programs 
provided by the institutions. This material ,was secured through mail and tel~ 
epnone contact with each insti^tution . Following the mailing of questionnaires, 
a' number of follow-up strategies were employed to increase the. response rate. 
Through these procedures, 'an overall response rate of 65 percent was achieved. 
The results of the survey were produced in computer-generated tables for 
analysis by NSF. 



Reference Date. : Academic yeai:* 
Frequency : Periodic 
When Available : < About one year after survey. ' . > ^ ■ 

' ^• , . • ' ■ 

Classifications : National Science Foundation and National Center for Edu- 
cation Statistics • - -x p - v ' 

\ . ' ■ • . 

Forms and Reports : A report 'on the purvey is .presently being prepared by the 

National Science Foundation. Th* questionnaire and methpdologies"^ used in th^' 
survey and othe^ information wilr be included in the report.^ ' 

.Evaluatio n Commentary : The survey was generally successful althouafi onl^a modest 
response Vate was achieved. Westat. i? ^presently ( late 1977) (c^ducting ' 
a sinilar survey for the Nationa; Science Foundation covering the bachelor's ' 
and master"s degree recipients of acadesmic year 1972 and 1976. The former 
year is being surveyed to obtain an analysis of outcomes five years after 
award of degree. 

.Information obtained through these surveys will help to fill in the gap of - ■ 
new entrants in the NSF Survey, National Sample of Scientists ^nd Engineers. • / 



-'"^ IMMIGRANxl^CIErWlSTS AND^ ENGINEERS , IN THE UNITED STATES- 
, " -A STUDY OF CHAMCTERISTicS'^AND ATTITUDES (NSF^ 73-302) 

^' ' . V , 4 . ' . • 

Agency : Nationai Science Foundation (NSF)' 

Unit : Division of Science Resources Studi^ ' ^: 



r 



Description : ^ » . — \ 

Content : ThiSf^^ survey represents,' one of the rare attempts to obtain major 
follow-^up information on immigrant scientists arid engineers.^- Data were' 
collected on: a) reasons for immigrating to the^U-S., b) demographic ' <^ 
charac^tqristics , c) education, d) employment, e) publications and; patents, 
and f) appraisals of liying and working conditions in* tiie U-S- Most in- 
/formation .is tabulated by country of birth and/or country of last. permanent 
residence. * / . . ' 

CovQiaage, Survey Method? Sources, Sample : Based on a sample of immigrants, 
drawTT^ fro'm record'S^>^^*^ix/f ie^ offices of th^ Immigration arid' Naturalization 
S,ervice (jfNS) , wHo reported themselves employed as scientists and engineers 
in, the annual report required from aliens in January 1969- The size of the 
survey universe, sampled for the 'specif ied scientists and engineers is'^^not . 
precisely^ known, but is assumed to correspond to the proportions of all . 
immigrants covered by the six INS field offices sampled (namely, 30 percent). 
The s^riip.le covers aliens who became^immigrants between February 1964 and 
Januairy 19,69. Sample frame is described in Technical Notes in the published 
buJS:* tin. > 

Reference Date : Mid-'1970 survey status of aliens reporting in "the January 
1969 annual alien survey, working as scientists or- engin^^, who became 
immigrants'^'between February 1964 and January 19d9- \^ . ' ' . 

Fre quency : Single time . . 

■ When Available : February 1973 ^ > - 

Fbrms and Reports : Survey form is reproduced in bulletin. 
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Evaluation Commentary : This report represents a unique and valuable source of - 
information on qualifications, contributions, ecipioyment status attitudes ^nd 
reasons for immigrating to the;U..S., of immigrant scientists and engineers. 
: The. Report is, however, flawed because of difficulties 'in .availability ' of . 
initial records,* errors in ^mple selection and coding and ,a lack of prec\se^ 
information on the size of the universe represented by the sample. Most im- 
portant, the survey approach precluded assessment of information on l^rariigrant 
scientists and enginee^rs, based.on qheir oc.cttoatio^n prior to, and a:fter., ad- 
mrssion to the U.'S. This survey started wi^ the occupational designation 
of immigrants already in the U.S . ' , 



NSFI 19 (Cont'd) 



In addition to the important inforinati<^ developed;'\the swrvey un~ 
doJbjtedly resulted ip, improved" record "^keepiiig by the .INS and a geneifa'lly 
keener interest in (information on immigrants as a' significant ! source of 
scientists anfeengineers in the U.S. - ^ 5 - ^ • ' ' 
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THE 'ENDICOTT REPORT: TRENDS IN EMPLOXMEn/ !0f COLLEGE AND 'UNIVERSITY- GRADUATES 
IN BUSINESS AND INDU'sfRY (AI,SO KNbwW/^S NORTHWESTERN UNIVERSITY SllRVEY)" 



1 




Agency ; Northwestern .U»niversity-*, fivanstc^n, Illinois ' .4 ''^ 

^ > Uni'tr ,The Placement ..Gfenfer •*•.'..( f •. ' ^ 

. , ..; ' —r / ^ V ^ ■ ■ : \ \ ^ ,.; ^ l 

V -V ^ Description : ^ * ".V- . ^ . ^ ^ V • 

^ . • . . ' ^ ■ . . . - V • « ' 

, . Content : Company intentions as to, hiring'of graduates for tbife next yeaf^- and 

actual perforTnance in the past year: number hired and Jto be hired', by sex, 
^, "and '^salary level , tabulated , by occupational specialty (see below), ar^ by 
degr.ee l&Vel. Also ,. monthly earnings of men in engineering and a few other ^ 
f;4^1ds who graduated. 5 and 10 years ago; turnover 'rate in. first 3 years fgr 
engijieers and some other fields; factors -^determining ne<?ds (non-statist icaiO . ■ , 

Coverage, Survey Method, Sources., Spmp-le : y^i^ersonnel executives of 160- large 
• national companies' ar*e surveyed eacrr-H^ail. Tabulations' compare expected hirings 

• .next, year with' actual hirings l^,st year, showing intentions compared to .per- 

formance'. Tabulations of starting salaries to' be offered show distribution of 
. -offers by .salary level, by degree level and field of degree ,>y|teo;mpSr$d to aver- ' 
ages paid -last yeiar. Median rates of turnover each year of the first ^3 are 
^ » > shoyn in the . report; only haflf tbe companies report turnover. S - - 



Reference Date*; November 



Frequency : Annual • ' . \ . 

y^ Wien Available : December * ' * ' ' t 

Classifications. : Engineering, Chemistry, .Mathematics/statistics, and 6 non-' 
technical f^ields. . . 

Forms and ^^parts : Annual r^pot;t with title as aboyja. . ^ . / 



E va/ua t io ini jCobmen t afcy : Intentions, if accurately * reported , .are iJseful information 
whefli,^ "Compared to. acttial hires^ in** the previous year, -pit would- also be useful 
-to^know the actual hires and salaries paid by the end;; of each year compared 
to the intentions expressed in the previous * fall . This might indicate the 
state of the labor market, ' * '\ 

The sample i^, of cours^ not .representative of smaller companies, ^ Universities, 
and government, whi^h together, of fer j obs to ^ large.' nuxntj'er of graduates. 



. : ) 
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' • ^ ' - ■ • ■ ' ^ ) ; ' 

OECD 1 ' r . ■ ' ■ 

.1 'INTERHATIONia. MEASURES OF RESEARCH'" AND DEVELOPMENT . .\ 



^ ^ Agert cy ; .-^Organizatiop^f or^ ETOnomic Cooperation: and Development ^fOECD) 
- TJnit' : ^Directorate for Science, *Technology,' and Industry (DSTl)~Sci€ 



lence 



Resoijrces Unit 

/ ' ' • . . . V ' ^"'^ ■ 

« Description : - - ^ - ^ ^ ^ 

Content: Summarization of data obtained from various^ OECD 'members c^overipg 
vav'^J.able measures of R&D since 19*73 (same data up through 1^76) . Same. 24 
■ .Countries are included in study which is conducted about every* 2 years. > 

, Spring issue of: DSTI. Newsletter accents data on Governiheat funding of R&D 
^ • ■ ^ 'including^information on energy R^&D* dollars . Main biennial surveys include 
. cc5verage"5-f R&D spending and dollars in all sectors of tnember nat^oi^. 

Coverage, is.urvey Method, Sources, Sample : QECD members are"" requested to i • 
compLete questionnaires usT^rg^available^ natiqnal InfoA^ation. Surveys usually 
^ condi^ted itri^nnially. No samp^^;HbTrvolved — icoverage of country surveys is equal 
^ to^respoh^efe wh^'ich may vary each\urvey 'period . ^ Also each nation does not ^ * 

update each 2 years . ' 

Reference Date : Calendar .year' 

Frequency : Biejinial • 

• ; _ , ^ ^ ■ • ■ . ' A , 

When Available : 1-2 years after reference year 

. Clas'^gif icatidns : OECD Manual on standard survey practices'^ - 
. • • . - I . 

■ r ■ ■ ■ ^ 

Forms an(^ Reports : BTennial repprtr^ 'on pECD R&D surveys are available for 1963-64,. 
1967, 1969, 1971, and^l973." Also OECD publishes The Measurement of Scientific 
and Technical jtc tivities - l^^osed Standard Practice for Surveys of Research 
. and Experimental Development (Frascati ^anual) . 

- ' * ■ . ■* 

Evaluation Commentary: Study is usually summaticfn of R&D survey results ^from 

member nations. Thus', no new data on U.S. R&D activities is obtained tljhsugh' 
this mechanism. However, this activity provides international comparisonsVf ; . 
R&P program expenditures for energy, but na manpower data are available^ 
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^ . _ .. ■ 'ORNL , 1 / / '*> 
' INVENTORY OF ' SnERGY RESEARCH' AND " DEVELOPMENT" 



9-- 



Agency ; Oak ^KiSge'^at:ional Laboratory, Energy Research and Development Admin 
is^:rat ioij^(ERD^) \ ' * . * " 

Unitj Energy Invento'ry-- * » ^ , v " ^ • - ; ' * - 



Desgription ; 



Jj 



\ 

.1 



jContent: -Separate project reports indicated by industc^a"! at\d t)ttier peii- 
formers. Each project of $5,000 or more was to^te reported includi^ng infoma- 
tion on location and type of organization performing R&D work,'- type o5 induBtr 
number of full- time equivalent (FTE) scientists and engineers , ^typ^ tof sp^on^ 

^^•soring organization, expendifijres for 'R&D by time pef^o^ and phase >^ R&D 
work, field of energy l(&D (coal,' petrdl-eum, electric power, etc.). - 

Coverage, Survey Method, Sdixrces-^ Sample : The. 1973-75 sHrvey which was the 
most complete of . 3 s^irveys undertaken reported oi^f^^out 6500. projects totaling 
$2.5 billion j.n 1975. Source lists of industrial respondents' Were obtained 
from directorie's, lists of vario^'us Government "agencies for contracts'' and sur- 
veys. . rt is not known h6w' complete fesponse was because ofj unclear-instruc- ^ 
tions for cut-off and lack -of an established universe . However , Oak Ridge 
National Laborato'ry (ORNL) states th'^t 80-85 percent of all energy R&D perform 
in U*S. in 1973 was covered. A new survey i?^. under way . 



Reference Date: 



Years 1973, 1974 and 1975 



Frequency :^ Every 3 years : ^ . , 

. When Availa»ble : 6 months after end of collection 

' - . , , ... ^ 

Classifications : Standard indust^al jClassif ication industries^ ERDA eaergy .1 

^&D categories . - . ^ ■ 

" - . > " 

Forms and Reports : /Examples of questiorirfaires and instructions are shown in pub- 
lished repor.ts. Results pf survey are contained in 5 volumes, released hy 
Subcommittee on.Ehergy Research , 'Development , and Demonstration of House Com- 
mittee on Science /knci Technology, Inventory of Energy R&D, 1973-75. 

Evaluation Cj^mnient^y : Though survey was conducted bV ORNL with sponsorship of* 
House Coromitt©4 and supported by ERDA and the National Science Foundation and 
^hough resparis§ was high, there is*no'way to determine its coverage or com^ 
pleteness The 1973-75 survey specifically does not include demonstration * ; 
as a phas4 of R^, but it appears' that .a good -many of these ERDA projects were 
covered/^in terms qf dpllar amounts of expendituires for the energy projects 
• / listed^ A 1976-78 survey is under way. However, it will not be a compre- 
hens<Eve . approa'ch . It is understood, that ORNL will sample f irms^in !a f ew 

2as. Also ,*^the 'first draft of the questionnaire included a* separate cate- 
'goriz^tion of ^demonstration" §s a phase^of R&D. However, 'it was decided. to 
remove this category and stick with *R&D as originally defined..' 

\ ' ■ • ■ : ■• . ' : - 
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THE-Bi*TUMINOUS CpAL INDUS^Y : A FORECAST ^ ivIANPOWER, ^OVE^^TMENT POLICY, TECWfJoLeGY 
-Agency ;^ ■ Pennsylvania State \lniversit^ , "^Institute for Research On Human Res oiTrces 
Descrj.ptibrr : , • ' - - „ * - . . ' • • 

■ ■ }f ' ; • • . » ^ . . ' . / ' ■ ^ . 

. content : Using U.S. Bureau of Mines (BOM) projeptions,of coal*] output , thi^ /\ 
* rfeportT^qsbiinates associated manpower supply and 'deminci^ -Aggregate manpowe^^ 
j^demand\ shown by surface and undergo 0^4 'iii in ing. est iiji^te*^ a]j^new' ^tt- " ■ 

*trant^ ^requaxgd; proje<^d ^mpio3)^mektr by' State?\ \ ' ' ^ ' / " > 

Extensive •^ajnalysis of' productivity; qomp^sition ^f' labor force, . energy^ pc^licy - 
optio'Yis, pojtential labor- shortages , trends, in^-^ihing tejzhnoiogy ah'd development 
and general? industry outlook^-- no dejiail on ^IciliW labor or R&D recfuiremeats . 

Coverage, Survey iletfiod , Sources, Sample ; SponsoredNay the Bureau of Mines, 
j demand pro jectionis based on. BOM output projections- conv^^"t.^4jto^^ate outputs 
assuming output ,per ,man at giv^n wage; supply estimates based on econometric 
models of "cc^mpetitive . labor marlcet industry outlook — production methods,* 
types of mining, consumption patterns ,^ etc . Based on ^'Delphi method,** i.e. , - 
opinions of experts which they are permitted to^evise' after learning opinions 
of each' other i brought r together to ex-press a consensus or range of consensuses. 

Reference Date\ : 1973 actual, 1985 arid 2000 projected^ - > , ^ 

Frequency ; Sii^gle time x 
\ ■ ■ ■ . ■ / 

, When Available :^', April 197^ 

Forms and Reports : No .survey o.r forms', but gives extensive description of fore- 
cast technitjues. used . . ■ ■ ' ' ' ^- '.■ 

. 5 » " . " • 

Evaluation . Commentary : Although totally lacking in direct reference to R&D man- 
' power, the lengthy/ analysis -of technology and output and use problems permits 

reader to make a /ough approach tcy generation of estimates of change in current 
. R&D -manpower ■ in' coal mining industry. ^ ^ ' ' ' * 



SALARIES OF SCIENTLStS^ ENGINEERS AND^ TECHNICIANS .... A SUMMARY OF SALARlf. SURVEY^ 
Agenqy ; ' Scientifc Manpower Commission - 



Descriptioi;! ; 



\ Content ; ^ A cdmpendium of 138 tables on salaries of Scientific and , Technical 

, ' , personnel as collected by Governrntent agencies ,^ educational associations, ma^- 

?^ azin^ publishers and professional societies. Data organized and briefly 

. . d/escribed uny"er he^^ipgs Of:' 1) starting salaries; 2). salaries of experienced 

'^'x^V - scientific ar];d te^Finical p^ersonnel; 3) salaries of engineers ; 4) salaries 'of 

* .veng,lneexin§ technician^ and technolo'gists ; 5). Federal salaries; .6,) academic , 

Coverage, Survej^ Method, Sources', Sample : " 24 sources are givea for the 138 
^ "/^^ :^^>ary tables;:^.. Brief descriptions , of data ti?ends and significant findings' 
, ■ , ar^ given u.nde^ 'tbe s'lx .headings abov^. No description is given of ener^^ 
methods,, instruments, sample, e*tc.'^* and gnly occasional reference is made xb 
coverage. . • • " > ' . " * " 




R efe,rence Date : Various (latest data for some tables i^ June 1977) 
aquency : One time aumiriai^ - * ' * ' 




' ^ When. Available : Octobei: 1^77 , V r 

• • , . . , / ^ * ■ ■ ' • ' 

Forrts and Reports: Not described " 

^ ~ — '- — ' • ... . . ^ , ^ • . , . ^ 

. * Evaluation Commentary : A useful compendium of salary data on scientific and tech- 

^ A - nical personnel based 'on 'dispar'ate sources., of varying degrees of reliability 

not adequately described. , " . * * ^ . 

" ' ■ ' . ■ ^ " \ .■ * '"^ ■ . ■ " ■ 

^ ■ ■ 'V- ' ' " . ■■■■ V-.,;:' ■ ■ • ' ■ ■ • 
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UCAL 1 

THE A^TERICAN FRESHMAN: NATIONAL NQ,RWS . ' 

Agency ; University of Califq.rnia Cooperative Institutional ^search Ptoferam, 
Los Angeles (CIRP) and American Council on Educatioi^ (ACeV^ 
' Unit .; . Laboratory for Research in Higher Education * ^% 

Description : ' \ ' ^ 

Content : Personal, professional and education characteristics, career choices, 
undei:graduate majors, levels of degree sought and sources of financial support 

. of freshmen in universities and. colleges . These annual data offer a first 

'look at the potential supply of college- trained personnel. 

r^' Coverage, Survey Method, Sources, Sample : The ^survey questionnaire is 

administered to freshmen in nearly 600 cdllegfes and universities in 1976. 
Although 328,000 forms were returned, data on 216,000 from 393 institutions 
were used to cal'culatfif the norms. All institutions in the ^National Center fd.r 
Education S.tatistics/Highdr Education Gi^neral Infonnation System Purvey are 
invited io participate. The "Natiqjfal Norms Data" are based only on data from 
institutions wheje the coverage of entering freshmen is judged to be repre- 
sentative, although infoiwag^on from questionnaires not used in these^verages 
is supplied trf 'the originating institutions for their own planning needs . 

Reference. Date : F^ll • V , 

Frequency : Annual . ^ 

" When Available : 9 months after collection . - 

Classifications : CIRP taxonomies ^ i 

.Forms and Reports : Questionnaire and description of methodology .are included ^i-h 
published re|Dort. ^Annual report produced. The American. Freshman: National 
Norms for Fall 1976 .^' » ' . ^ ' \ ^ ~' — — 

Evaluation Comrnentary : Main purpose of survey is to collect descriptive normative " 
infonnatioh on entering students for a variety of analytical and administrative' 
interests, and as a reference base for longitudinal follow-ups of these stu- 
dents • to' determine the effects of co-llege on them. CIRP's interest, app'ears 
to be mainly in the pjrocess of education rather, -than in career outcomes. 

There still seem to be problems with the; degree to which schools are repre- 
sentative of the entire structure. » Sample is particularly weak in coverage 
of technical schools. ^ 
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This bibliography excludes a number of technical publications which' 
were collected and xeviewed to get information on'the nature of 
research efforts on various energy technologifes and the technical 
and scientific specialties involved. 



Publications marked NTIS are available from the National Technic 
Information SerfTce,' U.S. Department of Commerce, Springfield, V 



al 
Va. 
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